
Final Report

To

NASA Langley Research Center

NAG-l-1794

BOUNDARY-LAYER TRANSITION DETECTION IN

CRYOGENIC WIND TUNNEL USING FLUORESCENT
PAINTS.

John Sullivan

School of Aeronautics and Astronautics

1282 Grissom Hall

West Lafayette, IN 47907-1282



Applications of Temperature and Pressure Sensitive Paints

Tianshu Liu and John P. Sullivan

School of Aeronautics and Astronautics

Purdue University

West Lafayette, Indiana

Summary

Luminescent molecular probes imbedded in a polymer binder

form a temperature or pressure paint. On excitation by light

of the proper wavelength, the luminescence, which is

quenched either thermally or by oxygen, is detected by a

camera or photodetector. From the detected luminescent
intensity, temperature and pressure can be determined. The

basic photophysics, calibration, accuracy and time response

of a luminescent paints is described followed by applications
in low speed, transonic, supersonic and cryogenic wind

tunnels and in rotating machinery.

Introduction

The use of luminescent molecular probes for measuring
surface temperature and pressure on wind tunnel models and

flight vehicles offers the promise of enhanced spatial

resolution and lower costs compared to traditional

techniques. These new sensors are called temperature-

sensitive paint (TSP) and pressure-sensitive paint (PSP).

Traditionally, arrays ofthermocouples and pressure taps
have been used to obtain surface temperature and pressure

distributions. These techniques can be very labor-intensive

and model/flight vehicle preparation costs are high when

detailed maps of temperature and pressure are desired.

Further, the spatial resolution is limited by the number of

instrumentation locations chosen. By comparison, the TSP

and PSP techniques provide a way to obtain simple,

inexpensive, full-field measurements of temperature and

pressure with much higher spatial resolution. Both TSP and
PSP incorporate luminescent molecules in a paint which can

be applied to any aerodynamic model surface. Figure 1

shows a schematic of a paint layer incorporating a
luminescent molecule.

The paint layer is composed of luminescent molecules and a

polymer binder material. The resulting 'paint' can be

applied to a surface using a brush or sprayer. As the paint

dries, the solvent evaporates and leaves behind a polymer

matrix with luminescent molecules embedded in it. Light of
the proper wavelength to excite the luminescent molecules

in the paint is directed at the model and luminescent light of

a longer wavelength is emitted by the molecules. Figure 2

shows the spectra for a typical luminescent ruthenium

molecule. Using the proper filters, the excitation light and

luminescent emission light can be separated and the

intensity of the luminescent light can be determined using a

photodetector. Through the photo-physical processes

known as thermal- and oxygen-quenching, the luminescent _

intensity of the paint emission is related to temperature or

pressure. Hence, from the detected luminescent intensity,

temperature and pressure can be determined.

The polymer binder is an important ingredient of a "

luminescent paint used to adhere the paint to the surface of

interest. In some cases, the polymer matrix is a passive

anchor. In other cases, however, the polymer may affect --

significantly the photophysical behavior of the paint through
a complicated interaction between the luminescent

molecules and the macro-molecules of the polymer. A good

polymer binder should be robust enough to sustain skin
friction and other forces on the surface of an aerodynamic

model. Also, it must be easy to apply and repair to the

surface in a smooth, thin film. For TSPs, many

commercially available resins and epoxies can be chosen

serve as polymer binders if they are not oxygen permeable

and do not degrade the activity of the luminophore

molecules. In contrast, a good polymer binder for a PSP
must have high oxygen permeability besides being robust

and easy to apply.

Two recent papers ( Liu et al. 1997 and Gouterman 1997 )

provide excellent reviews of the foundations and history of
TSP and PSP and contain extensive reference lists.

Measurement Systems
The measurement systems are the same for both TSPs and

PSPs. The essential elements of the systems include

illumination sources, optical filters, photodetectors and data

acquisition/processing units. This section provides a brief

description of two measurement systems: the CCD camera

system and the laser scanning system. Intensity based
measurements are considered first and then lifetime and

multi-luminophore systems.

CCD Camera System

The CCD camera system for luminescent paints is the most

commonly used in aerodynamic testing. A schematic of this ,,-
system is shown in Figure 3. The luminescent paint (TSP or

PSP) is coated on the surface of the model. The paint is

excited to luminesce by the illumination source, such as a
lamp or a laser. The luminescent intensity image is filtered

optically to eliminate the illuminating light and then

captured by a CCD camera and transferred to a computer
with a frame grabber board for image processing. Both



wind-onimage(attemperature and pressure to be

determined) and wind-off image (at a known constant

temperature and pressure) are obtained. The ratio between
the wind-on and wind-off images is taken after the dark

current level image is subtracted from both images, yielding

a relative luminescent intensity image. Using the calibration

relations, the surface temperature and pressure distributions

can be computed fi'om the relative luminescent intensity

image.
Selection of the appropriate illumination sources depends

on the absorption spectrum of the paint and the optical

access of the facility. The source must provide a large

number of photons in the wavelength band of absorption. A

variety of illumination sources are available. Lasers with

fiber-optic delivery systems have been used in wind tunnel
tests (Morris et al. 1993b, Crites 1993, Bukov et al.. 1992,

Engler et al. 1995). Other light sources reported in

literature include a xenon arc light with a blue filter

(McLachlan et al. 1993a), incandescent tungsten/halogen

lamps (Dowgwillo et al. 1994) and fluorescent UV lamps

(Liu et al. 1995a, 1995b). Morris et al. (1993a) and Crites

(1993) discussed the characteristics of some illumination

sources. For imaging the surface, scientific grade cooled

CCD digital cameras can provide high intensity resolution

(12 and 16 bits) and high spatial resolution (up to 2048 ×

2048 pixels). Since the scientific grade CCD camera

exhibits good linearity and high signal-to-noise ratio (SNR),

it is particularly suitable to quantitative luminescent

intensity measurements.
A necessary step in data processing is taking the ratio
between the wind-on luminescence image and the wind-off

reference image at a known reference temperature and

pressure. The image ratio process can eliminate the effects

of spatial non-uniformity in illumination light, coating

thickness, and luminophore concentration. However, since

aerodynamic forces may cause model motion and

deformation in high-speed wind tunnel tests, the wind-on

image may not align with the wind-off image. The ratio
between the non-aligned images leads to considerable errors

in calculating temperature and pressure using the calibration
relations. Also, some distinct flow characteristics, such as

shocks, transition and separation locations, could be
smeared. In order to correct this non-alignment, an image

registration method was suggested by Bell and McLachlan

(1996) and Donovan et al. (1993).

Laser Scanning System
A laser scanning system for TSPs and PSPs is shown in

Figure 4. A low power laser is focused to a small point and
scanned over the surface of the model using computer
controlled mirrors The laser illumination excites the paint

on the model and luminescence is detected by a low noise

photodetector (e.g. a PMT). The photodetector signal is

digitized with a high resolution A/D converter and

processed to obtain temperature and pressure. The mirror is
synchronized to the data acquisition so that the position of

the laser spot on the model is accurately known.

Compared with the CCD camera system, it takes longer to
obtain full-surface temperature and pressure distributions

using the laser scanning system. However, this system has

some advantages. (Hamner et al. 1994)

(i) Luminescence is detected by a low noise photodetector.

Before the analog output from the PMT is digitized,

filtering and other SNR enhancement techniques are

available to improve the measurement resolution. The

signal is then digitized with a high resolution (12 to 24

bit) A/D converter. Additional noise reduction can be

accomplished by using a lock-in amplifier if the laser

intensity is modulated.

(ii) The laser scanning system can be used for measurement

in a facility where optical access is very limited and the

CCD camera system is difficult to use.

(iii) The system provides uniform illumination over the

surface by scanning a single light spot.

(iv) The system can be easily adapted for measurement of
luminescent lifetime or phase shift if a pulsed laser or
modulated laser is used. "'

Lifetime-based detection systems

A promising method for making temperature and pressure
measurements is to determin the luminescent lifetime of the

paint rather than the luminescent intensity. Compared with

the intensity-based method, the greatest advantage of this
method is that the lifetime-temperature or -pressure relation

is not dependent on illumination intensity. Therefore, the
calibration relation is intrinsic for a particular paint and the

image ratio process is not required. Also, the lifetime
measurement is insensitive to luminophore concentration,

paint thickness, photodegradation, tubid paint surface and

dirty optical surfaces. The temperature and pressure can be

directly obtained from the measured lifetime. The lifetime
measurement technique in photochemistry is well-

developed (Szmacinski and Lakowicz 1995, Papkovsky

1995). The basic configuration of this system is similar to

either the CCD camera or the laser scanning system, except

a pulsed excitation light is used. After each pulse, the

luminescence decay is detected and acquired by a computer.

Then_ temperature or pressure is obtained by using the
calibration relation. Using a lifetime detection system,

Davies et al. (1995) measured the pressure distributions on a

cylinder in subsonic flow and on a wedge at Mach 2.

Comparison with data obtained by conventional pressure

taps was favorable.
A frequency-domain method detects the phase angle
between the luminescence emission and harmonically

modulated excitation light. If the modulation frequency is

fixed, the phase angle is a function of the lifetime and hence

is dependent on temperature and pressure. The phase angle
can be measured using a lock-in amplifier. Campbell et al.

(1994) gave a calibration between phase angle and

temperature for Ru(bpy)-Shellac paint at 100 kHz
modulation frequency. A simple phase detection system

using blue LED excitation was used to measure surface

temperature on an electrically heated steel foil on which a



roundairjet impinged(Campbelletai.1994).Torgersonet
al.(1996)measuredthepressuredistributioninalow-speed
impingingjetusingalaserscanningsystemwithanoptical
modulator.

Multi-Luminophore System
Use of the normal CCD camera or laser scanning system

requires a ratio between the wind-on and wind-off

luminescent images. This image ratio method inevitably

causes inaccuracy in determining temperature and pressure

because the image registration is never perfect. A two-

color luminophore paint would eliminate the need for a

wind-offreference image. Two-color luminescent TSP is

made by combining a temperature-sensitive luminophore

with a temperature-insensitive reference luminophore.

Similarly, two-color luminescent PSP consists of a pressure-

sensitive luminophore with a pressure-insensitive reference

luminophore. The probe luminophore and reference

luminophore can be excited by the same illumination.
However, there is ideally no overlap between the emission

spectra of the probe luminophore and reference

luminophore such that two color luminescent images can be

completely separated by optical filters. The ratio between
these two color images can eliminate effects of spatial non-

uniformity in illumination, paint thickness and luminophore
concentration. Besides the aforementioned combinations, a

temperature sensitive iuminophore which is not quenched

by oxygen can be combined with an oxygen sensitive

luminophore. This dual luminophore temperature/pressure

paint can be used for temperature correction in PSP
measurement. Furthermore, a multi-color PSP can be

developed to correct simultaneously the effects of both

temperature variation and non-uniformities in lighting, paint
thickness and concentration.

Some preliminary experiments indeed indicate that a two-
color PSP can correct variations in illumination (Oglesby et

al. 1995, Harris and Gouterman 1995). Three pressure

sensitive paints with internal temperature sensitive

luminophore have also been tested by Oglesby et al. (1996).
Their results show that the dual luminophore paint enables

point-by-point correction of temperature effects of PSP

measurement. Only recently, a two-color PSP was used to

measure pressure distribution in a low speed impinging jet

(Torgerson et al. 1996).

Temperature Sensitive Paints

This section will describe the photophysics, calibration,

accuracy, time response of temperature sensitive paint.

Photophysics
For a TSP, it is assumed that the paint layer is not oxygen-

permeable so that [02] = 0. Hence, the quantum yield is

simply given by

I k L
• = - kLX 0 (1)

I a kL+ko

The deactivation term k D may be decomposed into a

temperature-independent part 1%and a temperature-

dependent part k_ that is related to thermally activated

intersystem crossing (i.e. kD = 1%+ k0. The rate k_ can be --
assumed to have an Arrhenius form (Bennett and McCartin

1966, Schanze et al. (1997)

k 1 = C exp ( - E / RT) (2) _

where C is a constant, E is the Arrhenius activation energy,

R is the universal gas constant and T is the thermodynamic

temperature (in Kelvin). ..
The relation (1) can be approximately written in the simple --
Arrhenius form

I(T) EII 1 1ln(Tref)-I R T Tref
(3)

Theoretically speaking, the Arrhenius plot of ln[I(T)/I(T_f)]

versus I/T gives a straight line of slope E/R. Tests indicate

that the simple Arrhenius relation does fit experimental data -"

over a certain temperature range. However, for some paints,

the data may not fully obey the simple Arrhenius relation

over a wider range of temperature. As an alternative, the .-
relation between the luminescence intensity and temperature

can be expressed in a functional form

I(T)
- F(T/Tref) (4) --

l(Tref )

The empirical expression F(T/T_f) could be a polynomial,

exponential or other functions to fit the experimental data

over a certain temperature range. Both (3) and (4) are

operational forms of the calibration relation for a TSP used

for data reduction in practical applications.
TSP Calibration

In order to quantitatively measure temperature with the TSP

coatings, a calibration relating'luminescent intensity or

lifetime to temperature is needed. A calibration rig consists of

a temperature controlled sample and appropriate illumination --
source and luminescent detector.

Typical temperature dependencies of luminescent intensity

are shown in Figure 5 for some TSPs. Several TSPs have

high temperature sensitivity in cryogenic temperature range.

Others can be used in a temperature range from -20 to 105

°C. Figure 6 gives a lifetime calibration of two TSPs.

Accuracy
The accuracy of the temperature measurement has been

shown to depend primarily on calibration accuracy, but is in

the range of 1 degree. ( see Liu et al. 1995b for a detailed --

analysis)
Time Response
There are two characteristic time scales that are related to _

the time response of the paint. One is the luminescent

lifetime which represents an intrinsic physical limit for the
achievable temporal resolution of the paint. Luminescent

paint usually has a lifetime ranging from 10-1° seconds to
milliseconds. Another is the time scale of the thermal

diffugion in the TSP layer. In a forced convection-

dominated case, the thermal diffusion time can be expressed w

by z" = peg / h, where, p is the density, c is the specific



heat,g is the paint thickness and h is the convection heat

transfer coefficient. In general, the diffusion time is much

larger than the lifetimes of most luminescent paints.
Therefore, the time response of the luminescent paint is

mainly limited by the diffusion processes for both TSP and
PSP measurements.

Figure 7 shows a the temperature response of the TSP paint

subjected to the pulsed laser heating.( Liu et al., 1995c). The
surface temperature increases rapidly after the pulsed laser

beam is turned on and then gradually decays due to natural

convection. By fitting the experimental data with the

asymptotic solutions, it is found that x_ = 0.25 ms(heating)

and z2 = 25 ms (cooling).

TSP Applications

Transition Detection

TSP has also been utilized as an approach to flow transition

detection ( Campbell 1994, McLachlan et al. 1993b). Since
convective heat transfer is much higher in turbulent flow

than in laminar flow, TSP can visualize the surface

temperature difference between turbulent and laminar

regions. In low speed wind tunnel tests, the model is

typically heated or cooled to enhance temperature variation
across the transition line. Using EuTTA-dope paint,

Campbell et al. (1992, 1993) visualized transition patterns

on a symmetric NACA 654-021 airfoil in a low-speed wind

tunnel. (Figure 8 ). Recently, a cryogenic TSP systems have

been developed at Purdue, the University of Florida NASA

Langley and National Aerospace Laboratory (NAL), Japan.
Several TSP formulations have been successfully used to

detect transition on airfoils in a 0.1 m transonic cryogenic

wind tunnel at the NAL in Japan (Figure 9 from Asai et al.

1997a) and a 0.3m cryogenic wind tunnel at NASA-Langley

(Figure 10 from Popernack et al.).

Quantitative Heat Transfer
Global surface heat transfer mapping on a waverider model
in Math 10 flow has been obtained using EuTTA-dope paint

(Liu et al. 1995b).
A thin Mylar insulating layer covered the windward side of
the model, and EuTTA-dope paint was applied on the

insulating layer. The temporal evolution of surface

temperature distributions was obtained and then heat flux
was calculated using a simple heat transfer model. Figure

11 shows a representative map of heat flux on the windward
side of the waverider. The bright and dark regions

correspond to high and low heat transfer, respectively. The
low heat transfer region near the leading edge corresponds
to laminar flow. Transition from laminar to turbulent flow

can be easily identified by an abrupt change from low to

high heat transfer. Figure 12 shows a typical heat transfer

history. The TSP measurement is in good agreement with
data obtained by thermocouples.

Pressure Sensitive Paints

This section will describe the photophysics, calibration,

accuracy, time response of pressure sensitive paint.

Photophysics ."

PSP operation is based on the principle that certain
fluorescent molecules are quenched by the presence of

oxygen. In the molecules of interest, oxygen interacts with
the excited molecules and the excess energy is transferred to

the oxygen in a collisional process, with no photons being

emitted. This process, known as oxygen quenching, is the

basis for the pressure sensitive paint method.

According to Henry's law, oxygen concentration is

proportional to the partial pressure of oxygen, which is

proportional to static pressure. The result is that if there is a

locally high pressure area, the fluorescent molecules will be

quenched by oxygen.
The quenching process is governed by the Stern Voimer

equation which can be written as a ratio of intensities in
order to remove the effects of concentration, thickness and

illumination variations.

Ir'_f- A(T) + B(Y)(-_'-) (5)
I x _ref /

Iref = fluorescence intensity at reference condition

Pref = pressure at reference condition

A(T),B(T) = Stern Volmer constants

The result is that an increasing pressure causes the intensity

of the paint to decrease. In using equation 5, an intensity

map must be acquired at a reference condition, typically a
flow off or slow rotation where the pressure is a known

constant across the surface.
In this version of the Stern Volmer equation, the coefficients

A and B are functions of temperature.

aFl+ E°r (T-Tref_]
A(T)= 'L

Ep (T- Trof']-]B(T) = b I 1 +--
RTref _. Tref JJ

Enr = non-radiative activation energy

Ep = polymer activation energy

R = interaction distance

aI ,b I = constants

The temperature dependence of A is due to the thermal

quenching as in TSP. The temperature dependence of Bis

due to the temperature dependence of diffusivity of the

polymer binder.( Torgerson 1997, Schanze et al.)
Calibration ""

Figure 13 shows Stern Volmer curves for various paints at
room temperature. A calibration of Ru(ph2-phen) in GE

RTV 118 at several temperatures is given in Figure 14 and

for PtTFPP in polystrene in Figure 15.

Accuracy
To estimate the uncertainty of the PSP measurement with a

scientific-grade CCD camera system, Morris et al. (1993a)
conducted a series of calibration experiments focused on a

proprietary PSP paint sample in a pressure vessel which
controlled both the temperature and pressure. After



averaging a 32 sequential images to improve the SNR, they

found that the minimum pressure resolution near

atmospheric pressure (13 to 16 psia) is about + 0.05 psid for

their system. Note that the above uncertainty estimates do
not contain the contributions from some major error sources

such as the temperature effects and model displacement.

The uncertainty of PSP measurements depends strongly on a

systematic error source associated with the temperature

dependence of the paint. An analysis by Sajben (1993)

indicates that the temperature uncertainty dominates the PSP

measurement errors. Another major error source is model
motion between the wind on and wind off images. To date,

it has been necessary to perform an in-situ calibration of the

PSP using standard pressure taps on the model in order to
obtain reasonable accuracy.

Time Response
Based on the transient solution of the diffusion equation, the

oxygen diffusion time for a thin PSP coating is on the order

of r = g2 / Dm ' where g is the coating thickness and Dr,

is the mass diffusivity of oxygen in the paint layer.

Baron et al. (1993) studied the time response to oxygen

concentration changes of several PSPs using a pressure

jump apparatus. The PSPs that they investigated are PtOEP
in GP-197 and MAX-100 polymer binders and H:TFPP in

Silica-W, Silica-B and TLC binders. They found that the

response times for GP-197 and MAX-100 binder are 2.45 s

and 0.4 s, respectively. The Silica-W and Silica-B show

response times of I 1 ms and 1.5 ms, respectively. The

response time of the TLC is about 25 _ts. Recently, using a

similar set-up, Carroll et al. (1996) measured the step

response of three PSPs: a proprietary PSP from McDonnell

Douglas, PtOEP on a white primer layer, and PtOEP in GP-

197. For the McDonnell Douglas paint with thickness

ranging from 13 to 35 lam, the response time varies from

0.042 s to 0.42 s. The response time of PtOEP on a white

primer layer is 45 ms. For PtOEP in GP-197, the response
times are 1.4 s, 1.6 s and 2.6 s for the paint thickness of 22

_tm, 26 ltm and 32 _tm, respectively. Bukov et al. (1992)

reported that a proprietary fast-responding PSP coating

developed by TsAGI has a time constant of 5 ms. Clearly,
the diverse time constants of various PSPs result from the

effects of the different polymer diffusivity, coating thickness

and structure of the paint.

PSP Applications

Most of PSP measurements on aerodynamic models have

been conducted in transonic and supersonic wind tunnels.

Recently, the PSP technique has been used for pressure
measurements in low-speed flows and rotating machinery.
Tests in Wind Tunnels

PSPs have been applied to pressure measurements in wind

tunnel tests over a wide range of Mach numbers in order to

examine the feasibility of this method. Kavandi et al.

(1990) and McLachlan et al. (1993a) tested a two-

dimensional airfoil (NACA-0012) over a Mach number

range of 0.3 to 0.66. McLachlan et al. (1995a, 1995b) also

tested a large generic transport wing/body configuration in
transonic Mach number from 0.7 to 0.9. The PSP data not

only provide good quantitative chordwise pressure results,

but also show complicated two-dimensional pressure maps --

that would be difficult to deduce from the usual discrete tap

data. Some experiments conducted in the McDonnell

Douglas Research Laboratories (Morris et al. 1993b) include _

pressure measurements on a generic wing/body model

(Mach number = 2 and angle of attack = 8 degree), a model

of a high performance fighter (Mach number = 1.2), and a

two-dimensional converging/diverging nozzle. Sellers arid
Brill (1994) conducted a demonstration test of a PSP in the

Arnold Engineering Development Center transonic wind

tunnel for an aircraft model. Using fast-responding PSP
coatings developed at TsAGI, Troyanovsky et al. (1993)

carried out a semi-quantitative pressure visualization for a

shock/body interaction in a Mach 8 shock tube with 0.1 s

duration, and Borovoy et al. (1995) determined the pressure

distributions on a cylinder at Mach 6 in a shock wind tunnel

with about 40 ms duration. In general, the PSP technique

works well in high Mach number subsonic flows and

supersonic flows since static pressure change is typically

large. Morris (1995) and Shimbo et al. (1997) measured the
pressure on delta wings at low Mach numbers ranging from

0.05 to 0.2. These results indicate the low pressure regions

induced by leading edge vortices.

Figure 16 shows a typical surface pressure map in the

interaction of a cylinder mounted normal to a flat floor with

a supersonic turbulent boundary layer at a freestream Mach
number of 2.5. in this test carried out in the Purdue

University supersonic wind tunnel, the incoming boundary -.

layer thickness is 4 mm, the cylinder height is 15 ram, and

the cylinder diameter is 4.8 mm. The PSP, Ru(phz-phen) in

GE RTV 118, was applied to the floor surface for pressure
meast_rement. The pressure map clearly indicates a pressure

rise induced by a bow shock ahead the cylinder and a low
pressure region in the turbulent wake behind the cylinder.
Transonic Airfoil - Lifetime Method

The laser scanning method for pressure and temperature

sensitive paints was demonstrated in the Boeing Company

model transonic wind tunnel. (Torgerson 1997) The arifoil _

was 10% thick with a sharp leading edge and a small

amount of camber. It had 19 pressure taps along the upper
surface to compare with the pressures found from the paints.

The laser used was a small air-cooled argon-ion laser. The --

beam was modulated using an electro-optic modulator,

enabling the signal to be processed by a two phase lock-in

amplifier. Both intensity and phase were recorded during the
scan over the airfoil, so that a comparison between intensity

and lifetime methods could be made. Results in Figure 17

show both methods compare favorably with the pressure tap --
data. The phase measurements have the advantage that

wind off data is not required.

Cryogenic Pressure Paint

Recently, Asai et al. 1997b demonstrated the feasibility of

using luminescent coatings for surface pressure

measBrements in a cryogenic wind tunnel. Calibrations of a



newanodizedlayer(Figures18and19)showextremely
highoxygensensitivity.Byinjectingasmallofoxygen(250
ppm)intotheNALtransoniccryogenictunnelexcellent
comparisonbetweenpressuretapsandPSPwasobtainedfor
flowovera14%circular-arcbumpmodel.(Figure20)
Rotating Machinery

The PSP/TSP technique provides a promising tool for

measuring surface pressure distributions on a high-speed

rotating blade at a high spatial resolution. Instrumentation is

particularly difficult in the rotating environment and the

pressure taps weaken the structure of the rotating blade.

Recently, a test was performed to measure the chordwise

pressure distributions on the rotor blades of a high speed

axial flow compressor shown in Figure 21 (Liu et al 1996b).

TSP (Ru(bpy)-Shellac) and PSP (Ru(ph2-phen) in GE RTV

118) were applied to alternating blades. The TSP provided

the temperature distributions on the blades for temperature
correction of the PSP results. A scanning laser system was

used for excitation and detection of luminescence. Both the

TSP and PSP were excited with an Argon laser and
luminescence was detected with a Hamamatsu PMT. The

pressure map of Figure 22 shows a strong suction surface
shock wave. Comparisons to CFD over a range of rotational

speeds (Figure 23) show good correlation but require care in

interpretation since the error in the PSP is -. 1 psia because

an in-situ calibration was not possible.

The same system was on used on an Allied Signal F109 gas

turbine engine (Figure 24) giving the suction surface

pressure map at 14000 rpm shown in Figure 25.

Conclusion

The fundamentals and applications of the TSP and PSP

techniques have been discussed in this paper. The TSP

technique has been used not only to visualize surface flow
features such as boundary layer transition, shocks and

separation, but also to obtain quantitative surface

temperature and heat transfer maps with good accuracy.

Applications of the PSP technique are focused on surface

pressure measurements on airfoils, generic wing-body
models aircraft models and turbomachinery over a wide

range of Mach numbers. The field mapping capability of
the TSP and PSP techniques is able to provide information

about complicated flow characteristics that cannot be easily

acquired using more conventional methods. Much effort

has being made to improve essential elements of the
measurement system including paint formulation,

illumination, imaging, and data acquisition/processing
hardware and sottware. Many groups are working to extend

and refine TSP and PSP measurements so they will become

a routine procedure in aerodynamics testing.
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Figure 4: Schematic of laser scanning system
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ABSTRACT

Anodized aluminum pressure-sensitive paint has been used to measure the surface pressure
distributions of wind tunnel models in a cryogenic wind tunnel. A thin, uniform anodized aluminum

layer was directly coated onto the wind tunnel models by an electrochemical process. The resulting

coating has an extremely high oxygen sensitivity for very low mole fractions of oxygen in the

working gas (-150ppm). Numerous types of anodized aluminum PSPs were calibrated to optimize

the sensitivity and the uniformity and to prevent the aging of anodized aluminum PSP. The

luminophore deposition affected the sensitivity, and the phosphoric acid modification improved the

uniformity and reduced the aging. To demonstrate this technology, a fiat model and a 14% thick

circular arc bump model were tested in the 0.1 m Transonic Cryogenic Wind Tunnel at NAL.

Surface pressure distributions on the models were clearly captured.

INTRODUCTION

Pressure-sensitive paint (PSP) measures the surface pressure distributions of wind tunnel models.



This technologyis basedonaphotophysicalphenomenaknownasoxygenquenching.Currently,
PSPis appliedto aircraftdevelopmentwind tunneltesting.UsingPSP,surfacepressure
distributionsovertheentiresurfaceof awind tunnelmodelcanbeobtainedusingastandardimaging
cameraandimagingprocessingtechniques.However,onecansaythatthepotentialof thepaint
technologyhasnot beenfully exploited.Oneof thechallengingareasto applyPSPis theusein a
cryogenicwind tunnel. The ideaof thecryogenicwindtunnelwasdevelopedatNASA LangleyI to
operateathigh Reynoldsnumberflowsby loweringtheworkinggastemperatureby thecontinuous
injectionof liquid nitrogen. Hence,theworkinggasispracticallypurenitrogen. In addition,a
normalPSPcannotbeusedat cryogenictemperatures,sincetheoxygenquenchinghardlyoccurs
becauseof the low oxygenpermeationin anormalPSPbinder.
Asai2developedanewtypeof PSPwhichusesanodizedaluminumasabinder. This PSPis
extremelysensitiveto oxygensincetheluminophoreis directlyattachedon theporouswall opened
to theworking gas.This newtypeof PSPis calledanodizedaluminumpressuresensitivepaint (AA-
PSP).
In ourpreviouspapers3'4,the surfacepressuremeasurementsin a cryogenicwind tunnelusingAA-
PSPwerediscussed.Successfulresultswereobtainedfor someAA-PSPs,showingthe
correspondencebetweenpressuredistributionsfrom AA-PSPandfrom pressuretaps. However,
AA-PSPhasnot beenfully developed.Uniformity wasnotreliablyobtained,andtheluminescent
intensityandthe sensitivitywerechangedby theday(aging).
In thispaper,four factorsof AA-PSPs,whicharetheanodizationprocess,materials,phosphoricacid
modification,andaging,areconsidered.Experimentalresultsfrom a flat modelanda 14%thick
circulararcbumpmodeltestsin the0.1m TransonicCryogenicWindTunnelatNationalAerospace
Laboratory(NAL) arealsopresented.

BACKGROUND

Theory
The relationship between the luminescent intensity and the surface pressure of the-Wind tunnel

model can be described by the Stern-Volmer equation. The original Stern-Volmer equation is,

Io = 1 + Kq[02] (1)
I

where, Io is the luminescent intensity without the oxygen quencher, I is the luminescent intensity,

and Kq is the Stern-Volmer quenching constant. [02] is the oxygen concentration, which is

proportional to the partial pressure of oxygen, p[o21. In addition, p:o21 and the static pressure of the

working gas, p, can be related by the mole fraction of oxygen, _2, which is a constant in the

atmosphere (21%) but varies in a cryogenic wind tunnel. Equation (1) is rewritten as

Io = 1 + K-_o,pto,, (2)
I

where K is the quenching constant with respect to p[oe]. The luminescent intensities can be related to

the static gas pressures from equation (2).

One way to set the reference is to use an image with no-wind condition (wind-off condition).

However, it is impossible to obtain a wind-off condition in a cryogenic wind tunnel since the test gas



is cooledby thecontinuousinjectionof liquid nitrogen. An alternatewayto setthereferenceis to
usea low-speedcondition. Takingaratiobetweena low-speedconditionandawind-on condition,
onecanobtaintheStem-Volmerequation,

Iref _ A + B p:o,i (3)
I p:o_:,_:

1 K_o,pto,j,,:
where A = __ and B =

1 + K_2pto_mf 1 + K_o_pto2/,,:

The coefficients A and B can be obtained by subjecting the PSP coating to a series of known partial

pressures of oxygen.

Anodized Aluminum PSP (AA-PSP)

Anodized aluminum PSP (AA-PSP) uses anodized aluminum as a binder, and the luminophore is

directly deposited on the anodized aluminum surface. The anodized aluminum is created from

aluminum by an electrochemical process known as anodization. Hence, an aluminum model surface

becomes the anodized aluminum surface by anodization. Spraying is not required to coat PSP onto

the wind tunnel model for AA-PSP. By the anodization technique, an uniform AA-PSP coating can

be obtained.

Anodized aluminum has micropores, 20 to 100nm in diameter, distributed on the surface. Since the

anodized layer grows inward to the model surface, the thickness increase of the model surface is less

than the anodized layer thickness.

Sensitivity ""

Stem-Volmer plots of AA-PSP show non-linearity, which can be fit with Freundlich isotherm,

lref=A+B( Pt°2: lr- -- (4)
I pto,.:,_:j

Since the Stern-Volmer plot is non-linear, we used the slope at P[O2//P[Oe]ref=l to represent the

pressure sensitivity, or, such as,

a(Ire:/1)
O" ----"A(plozt/plo_lref)[plo21/ p[o2lref=l (5)

Uniformity

In our previous experiments, some AA-PSPs had spatial variations in Stem-Volmer constants. This

means that the same calibration constants cannot be used to convert pressures from the luminescent

intensity image at different spatial points. Uniformity of the calibration constants at different points

on the AA-PSP model was necessary to obtain the pressure distributions.

Aging

The luminescent intensity and the sensitivity were lowered by aging, which occurs to AA-PSP

within one day. One day after the experiment, for example, the luminescent intensity was changed

by 10% for one of the AA-PSPs in previous experiments. ,,



DESCRIPTION OF EXPERIMENTS

AA-PSP Conditions

The following four factors were considered for their effect on the sensitivity, uniformity, and aging.

1. Anodization Process (PretreatmenO

The anodized aluminum layer is prepared from an aluminum surface pretreatrnent and anodization s.

Although the pretreatment is important to prepare the anodized aluminum layer, its influence on the

pressure sensitivity has not been evaluated. The pretreatment requires mechanical polishing or

electrochemical polishing which dissolves the aluminum surface to remove the miproscopic bumps.

Mechanical polishing, electropolishing, and non-polishing were considered.

2. Material (Alloy)

Pure aluminum is usually used for anodizing aluminum, however, pure aluminum is soft and

expensive to use as a wind tunnel model. The cost of aluminum alloy is much less than that of pure
aluminum. For aluminum alloys, some impurities are mixed to increase the strength. However, the

impurities cause pits, which are locally dissolved holes, on the anodized aluminum surface. Pure

aluminum, 2024 aluminum alloy, and 5052 aluminum alloy were used for preparing AA-PSP

models.

3. Luminophore Deposition

Two types of luminophore depositions, electrochemical deposition and the dipping deposition, were

considered. Electrochemical deposition was used in the previous experiments. For this deposition,

the AA-PSP model surface was negatively charged to attract the anionized luminophore. We

developed another way to deposit luminophore called the dipping deposition. For this deposition,

AA-PSP models were just dipped into a luminophore-dichloromethane solution. In both depositions,

bathophen ruthenium was used as a luminophore.

4. Anodized Layer Modification

The anodized aluminum layer consists of three types of layers (Figure 1)6. We assumed that aging

occurs on the anodized aluminum surface. Hence, the outer cell layer was dissolved by phosphoric

acid (H3PO4) to compare two different anodized aluminum surfaces. Figure 2 (a) mad (b) show SEM

(Scanning Electron Microscope) pictures of unmodified and H3PO4 modified anodized aluminum
surfaces. These surfaces were prepared from non-polished, pure aluminum. The micropores became

wide and the outer cell layer was removed for H3PO4 modified surface (Figure 2 (b)).

Table 1 shows a list of AA-PSP conditions employed in present experiments.

Cryogenic Wind Tunnel Facility.

To demonstrate the capability of AA-PSP to measure the surface pressures of wind tunnel models,

experiments were conducted in the 0.1 m Transonic Cryogenic Wind Tunnel (0.1 m TCWT) at NAL 7.

This facility is a closed-circuit, fan-driven wind tunnel operated with cryogenic nitrogen as the

working gas. The maximum stagnation pressure is 200kPa with the stagnation temperature ranging

from 90K to 200K. The test section is 0.1m square and is equipped with slotted top and bottom

walls of 4% porosity and solid side walls.



Figure3 showsaschematicdiagramof the experimental setup. The cryogenic wind tunnel is

operated by controlling both the liquid nitrogen injection and the gaseous nitrogen exhaust. Oxygen

gas was injected through a strut located just downstream of the test section. A small amount of the

exhaust gas was sampled and fed into a Zirconia (ZrO2) oxygen sensor to monitor the mole fractions

of oxygen in the flow. The Zirconia sensor was calibrated prior to each run using a standard gas

with known oxygen concentration.

Optical Equipment and Model

Figure 4 represents a schematic of the optical setup. The wind tunnel model was installed on one

side of the wall of the wind tunnel test section. The optical access is gained through a 70mm

diameter observation window on the opposite side of the wall. AA-PSP was excited by a Xenon

light with a band pass filter (475+50nm). A dichroic mirror was used to separate the luminescence

from the excitation light. The luminescence from the AA-PSP was detected by a digital camera with

a cooled CCD. This camera has a 12-bit intensity resolution and 1000 x 1018 spatial resolution. An

infrared rejection filter (900nm) and a red long pass filter (620nm) were placed over the camera lens.

In the present experiment, two types of models, a fiat model and a 14% circular arc bump model,

were used. A Flat model has six removable strips, which are 5mm wide and 50mm chord, mounted

on one side of the wall of the test section (Figure 5 (a)). An arc bump model is a 14% thick circular

arc bump with 50mm chord with 16 static pressure taps on the centerline. Four removable 8mm

wide strips are mounted in spanwise locations (Figure 5 (b)). AA-PSP was applied onto the

removable strips for both models. Tap pressures were measured by an electric pressure scanner
located outside the tunnel.

Test Conditions

1 Flat Model Tests

Flat model tests were conducted prior to the arc bump model tests. The objective of this test was to

optimize the sensitivity of AA-PSP, so that the pressure distributions on the wind tunnel model were

not necessary. The anodization process, materials, and the luminophore deposition were considered.

AA-PSP1 through AA-PSP6 is listed in Table 1. The partial pressures of oxygen on the fiat model

were changed by controlling the mole fractions of oxygen in the working gas ranging from 4ppm to

500ppm. The Mach number was kept at 0.40 and the stagnation temperature and the stagnation

pressure were set as 100K and 190kPa, respectively.

2 Arc Bump Model Tests

14% circular arc bump models were employed to obtain the pressure distributions. A low-speed

condition was taken as a reference and the Mach number of the flow was changed from 0.40 to 0.84.

The mole fractions of oxygen was fixed at 150ppm, and the stagnation temperature and the

stagnation pressure were kept at 100K and 190kPa, respectively.

The phosphoric acid modification was considered for uniformity and aging.

RESULTS AND DISCUSSION

Flat Model Tests

Sensitivity



Figure 6 shows the Stern-Volmer plots of AA-PSP1 through AA-PSP6. Each AA-PSPs has

combinations ofpolishings, materials, and luminophore depositions. The main factor affecting the

sensitivity was the luminophore deposition. The difference in materials and the difference in

polishings did not change the sensitivity as much as the luminophore deposition. Taking 14Pa of the

partial pressure of oxygen as a reference, the sensitivity was determined from equation (5). Higher

sensitivity was obtained by the AA-PSP with the dipping deposition. The sensitivity was 0.40 to

0.53 for the A,A-PSP with the dipping deposition and 0.13 with the electrochemical deposition.

Arc Bump Model Tests

From fiat model results, non-polished, pure aluminum was used for preparing AA-PSP models. The

AA-PSPs with the electrochemical deposition (AA-PSP7) and with the dipping deposition (AA-

PSP8) were applied on arc bump model surfaces. To consider the uniformity and the aging, AA-PSP

with the phosphoric acid modification and dipping deposition (AA-PSP9) was also applied.

Uniformity

Figure 7 (a) through (c) shows Stern-Volmer plots near pressure tap locations forAA-PSP7, AA-

PSP8, and AA-PSP9. The partial pressure of oxygen at 14Pa was used as a reference. The partial

pressures of oxygen on the model were changed by controlling the mole fractions of oxygen at Mach

0.40. It is clear that uniformity was not obtained for AA-PSP8. On the other hand, AA-PSP7 and

AA-PSP9 were uniform. However, low sensitivity was obtained for AA-PSP7 because of the

electrochemical deposition. Uniformity was obtained for the high sensitivity AA-PSP by using the

phosphoric acid modification.

Pressure Distribution

We used in situ calibration to convert the luminescent intensity image to pressures. The calibration

curves were obtained from pressure tap measurements and the luminescent intensity image at

corresponding tap locations on AA-PSP. A low-speed image (Mach 0.40) was taken as a reference.

Figure 8 (a) shows in situ calibration curves of AA-PSP7 and A_A-PSP8 models at M=0.82. Linear
lines could fit to all in situ calibration curves, which indicates that temperature effects were

negligible. Since the model surface is fairly isothermal in a cryogenic flow, we can use a single

calibration curve for the entire surface of the model. Using these calibration curves, pressure

coefficient, Cp, distributions were obtained from luminescent intensity images. Cp distributions of

AA-PSP7 model had larger noise than that of AA-PSP8 model because of lower sensitivity (Figure

8(b)). Cp distributions of AA-PSP8 model did not correspond to the pressure tap measurements

because of the poor uniformity (Figure 8 (c)). Both the uniformity and high sensitivity are necessary

to obtain high signal to noise pressure distributions.

The Mach number was changed from 0.75 to 0.84 for AA-PSP9 model. Using the,in situ calibration

curves shown in Figure 9 (a), Cp distributions of AA-PSP9 model were obtained at different Mach

numbers (Figure 9 (b) through (e)). At M=0.82 and 0.84, the shock wave strength and locations

were clearly identified. The main source of error comes from errors in the calibration. Other error

sources, such as camera shot noise, are much smaller. The error bars were estimated from the

calibration error, and shown at 20%, 50%, and 85% of the chord (Figure 9 (b) through (e)).

Aging

Figure 10 (a) and (b) show Cp distributions of (a) AA-PSP9 and (b) AA-PSP7 models after six days

from the previous arc bump model test. It is clear that AA-PSP7, which was not modified by

phosphoric acid, was totally aged. Aging was reduced by the phosphoric acid modification. This



suggeststhat theouter cell layer causes aging, since it was reduced by removing the outer layer.

CONCLUSIONS

1) Different types of AA-PSP were evaluated. The difference in the pretreatment and the difference

in aluminum materials did not affect the sensitivity. Aluminum alloys can be used to increase

the strength and to reduce the cost of the model.

2) The luminophore deposition changed the sensitivity. The dipped deposition method gave higher

sensitivity than the electrochemical deposition method.

3) Uniformity was improved and the aging was reduced by the phosphoric acid modification. This

suggests that aging occurs at the outer cell layer of the anodized aluminum surface.

4) With the uniformity and high sensitivity, AA-PSP can be used as a pressure sensor in cryogenic

wind ttmnel tests. Using the intensity image taken at a low speed condition as a reference,

surface pressure distributions over the arc bump model were obtained. The AA-PSP data agreed

with pressure tap data. The pressure jump due to a shock wave was clearly identified at
transonic Mach numbers.
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electrochemical

Material
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Deposition Modification

dipping no

electrochemical no

3 Flat Model

4 Flat Model

5 Flat Model

6 Flat Model

7

8

9

none pure aluminum

electrochemical pure aluminum

mechanical

mechanical

2024 alloy .

5052 alloy

Arc Bump Model

Arc Bump Model

Arc Bump Model
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pure aluminum

pure aluminum

pure aluminum

dipping

dipping

dipping

dipping

electrochemical

dipping

dipping
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ABSTRACT

Porous Polymer/ceramic films were processed via tape casting. Upon doping with

luminescent molecules such as platinum(II) octaethylporphine and [Ru(4,7-diphenyl-l,10-

phenanthroline)3]CI2, the films were used as pressure sensors, yielding a Stern-Volmer constant

of A ranging from 0.02 to 0.61. These films also exhibited very fast response times (-1 ms).

Tape cast films doped with Rhodamine B were used as temperature sensors under cryogenic

conditions. The temperature sensitivity of the doped films increased with increasing Rhodamine
B concentration.

INTRODUCTION

Recently, luminescence-based sensors for temperature and pressure measurement have

received a great deal of attention for aerodynamics applications [1-3]. These sensors, based on

the phenomena of oxygen and thermal luminescence quenching, potentially provide inexpensive,

non-intrusive, high resolution pressure and temperature mapping of aerodynamic model surfaces.

Pressure sensors typically consist of a luminescent molecule (luminophore) housed in a

polymer binder [4]. When exposed to radiation of the proper wavelength, the luminophore will

be excited to a singlet state. It may return to its ground state by emitting a photon of a longer

wavelength. Certain luminophores can transfer excited state energy to a quencher molecule,

such as O2, that has diffused into the sensor from the environment, causing a radiationless

transition to the ground state. This phenomenon is known as oxygen quenching. The rate at

which these two relaxation processes compete is dependent on the partial pressure of oxygen,

with a higher oxygen pressure quenching the molecules more effectively. By filtering the

excitation radiation from the emission radiation, photodetection of oxygen quenching makes

pressure measurement possible. Oxygen quenching generally follows a Stern-Volmer

relationship:

]ref - m+ B( P-'ff--] y (1)

i (Pr j)
where A, B, and y are constants. Iref and Pref are a reference intensity and pressure, respectively.

These reference values correct for non-uniformities in excitation illumina.fion, luminophore

deposition, and photodetector sensitivity.

While polymers are mechanically robust, their effectiveness as a housing medium for

luminophores is limited by material properties such as 02 permeability (permeability

representing the product of the diffusivity and the solubility). A low O2 solubility will decrease

the sensitivity d(_L) ] of the sensor, while a low O2 diffusivity will lengthen the response time

of the sensor to changes in 02 pressure [1]. Several polymers have a high 02 solubility:



However,most alsodisplay a low 02 diffusivity, thus limiting the overall effectivenessof the
sensor.

If a luminophorecould beadsorbedor bondedto a poroussurface,it would producea
sensorthat wouldhavea veryfastresponsetimeto changesin oxygenpressure.Porouspolymer
membranesarecommerciallyavailable,but arecostlyto apply for large-scalewind tunnel tests.
Ceramicfilms providea low costalternative;however,dueto challengesin processingceramic
films to conform to surfacesfor aerodynamictesting,aswell astheir inherentbrittle behavior,
ceramicshave yet to find widespreaduseas luminophorehousingsfor luminescentpressure
sensors.

Tape castingis a widely usedprocessfor preparingceramicsubstratesfor electronic
packaging[6]. Prior to firing, tapecastfilms arecomposedof ceramicpowderheld together
with a polymeric binder. Tape cast films are good candidatesto house luminophoresfor
luminescentpressuresensors.The films areporous,which mayshortenresponsetime, yet they
aremechanicallyrobustduethe polymer,facilitating handling,and providing a film that will
withstandthe stressesof aerodynamictesting.

Tape castingmay also be usedto processluminescenttemperaturesensorsby using
luminophoresthat aresensitiveto their thermalenvironment.The luminophoreis againexcited
by absorptionof a photon. The excitedmoleculedeactivatesthroughthe emissionof a photon.
A risein temperatureof the luminescentmoleculewill increasetheprobability that themolecule
will returnto thegroundstateby avibrational(radiationless)process.This is known asthermal
quenching,andmaybeexpressedin functionalform as:

I(T) = F(T/Tref ) (2)
t (r,,j )

where F(T/Tref) is an empirical expression that may be a polynomial, or another function best

fitting the experimental data.
While there are several effective temperature sensors near room temperature, few

luminophores have exhibited temperature sensitivity at cryogenic temperatures (120-200 K)

[1,5]. The sensors currently used exhibit sensitivity over only a small temperature range, making

tests in cryogenic wind tunnels more difficult [5].

EXPERIMENTAL PROCEDURE

Ceramic/polymer composite films were processed from an aqueous suspension of

ceramic powder via tape casting. The suspension was prepared by dispersing A1203 (Reynolds

Aluminum Co., specific surface area=8.5 m2/g) in water (83 wt% A1203) using a polyelectrolyte

surfactant (D-3021, Rohm & Haas). The suspension was ball-milled for one hour to eliminate

agglomerates, and subsequently mixed with 7.5 wt% (relative to the suspension) of a

poly(acrylic) binder emulsion (B-1035, Rohm & Haas). The suspension was cast onto a silicone-

coated Mylar TM sheet (Richard E. Mistier, Inc.) using a doctor blade to form films ranging in

thickness from 0.1-0.2 mm.
Two different luminophores were used in this study, platinum(II) octaethylporphine

(PtOEP) (Porphyrin Products) dissolved in toluene, and [Ru(4,7-diphenyl-l,10-

phenanthroline)3]C12 (Ru(dpp)C12) (GFS Chem.) dissolved in methanol. Tape cast coupon

samples were dipped into the luminophore solutions, and subsequently dried in air. The

individual components of the tape cast composites were also prepared for calibration. The

polymeric binder was cast onto Mylar TM via a doctor blade technique and allowed to dry.

Coupons were again cut and dipped into the two luminophore solutions. The A1203 powder was

pressed in a die at 5000 psi, and the resulting porous powder compact was dipped into the

luminophore solutions and dried in air.



Figure 1. Apparatususedfor pressurecalibrations.

For the temperaturesensors,tapecastcouponsweredippedinto solutionsof Rhodamine
B (RhB) (Aldrich) dissolvedin methanol,andsubsequentlydried in air. To vary the amountof
RhB in a given sample,couponswerepreparedusingRhB solutionconcentrationsrangingfrom
2.09*10-4to 0.02molar.

The experimentalapparatususedto calibratethe pressuresensorsis shownin Figure 1.
The sample is enclosedin a test chamberwith optical access,and the chamberpressureis
controlledby avacuumpump andmonitoredby anabsolutepressuregauge.Dry air (21%02) of
varying absolutepressureis fed into the chamber,and the partial pressureof oxygenin the
calibration chamberis determinedby combiningthe pressuremeasurementfrom the absolute
pressuregaugeandthetestgascomposition.

Measurementsof the pressure sensor's luminescent intensity were made using phase

sensitive detection. The sample was illuminated with 532 am radiation from a 50 mW Uniphase

Micro-Green diode laser. The laser radiation was passed through an electro-optic modulator

which was driven by a sinusoidal reference from a lock-in amplifier resulting in a modulated

illumination signal for the sample. The luminescent signal from the sample was collected

through a 570 nm long pass filter onto a photo-multiplier tube. The photo-multiplier tube signal

was demodulated by the lock-in amplifier using a 1-second integration time. The bandwidth

narrowing characteristics of the phase sensitive detection scheme resulted in improved signal to

noise ratio, and improved accuracy in the sensor calibrations. The entire calibration process was

controlled by a LabViewTM-based data acquisition program on a personal computer.



/

LED <
'_- array

• short-pass

' filter

type T thermocouple long-pass filter
_r-_l ",,',...... 570 (nm)

/I

pie

heating II GPIB I
element /_,interface )

l.

PMT

I

I

oscillator

output

signal

----_input

lock-in [_lg"l
[][]

amplifier []l'g']

IIII ..
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The experimental apparatus used to calibrate the temperature sensors in the cryogenic range

is shown in Figure 2. The temperature sensor was placed on a copper rod rising from a liquid

nitrogen bath. A type T thermocouple was placed between the sensor and the copper rod. Good
thermal contact between the sensor, thermocouple, and copper rod was ensured by the use of

thermal grease. The sensor and bath were enclosed in a small chamber allowing optical

access through a single window. Dry nitrogen was bled through the enclosure to prevent water

from condensing on the paint sample. Accurate measurements of the luminescent intensity of

the sensor were accomplished using phase sensitive detection. The sensor was excited with

sinusoidally modulated illumination from a green LED array. The luminescent signal from the

sensor was collected through a 570 nm long pass filter onto a photo-multiplier tube. The photo-

multiplier tube signal was again demodulated by the lock-in amplifier with a l-second

integration time.

RESULTS AND DISCUSSION

The tape cast films exhibited excellent mechanical properties. They were flexible and

scratch resistant. They have successfully withstood the stresses that are seen in sonic jet

impingement experiments, wind tunnel tests, and flight tests for in-situ pressure measurements.

Stern-Volmer plots for tape cast films doped with either the PtOEP or Ru(dpp)Cl2 are

shown in Figure 3. Films doped with PtOEP exhibited greater pressure sensitivity (larger slope)

compared to films doped with Ru(dpp)C12. When the luminophores were housed in the binder

alone, they exhibited the same behavior as the tape cast film. However, the pressure sensitivity

of luminophores housed in A1203 powder compacts differed significantly from the tape cast
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films. When housed in A1203 powder compacts, PtOEP and Ru(dpp)C12 exhibited similar

pressure sensitivity. Compared to the powder compact with the same luminophore, the PtOEP

tape cast film exhibited a greater pressure sensitivity, while the Ru(dpp)Cl2 tape cast film had a

lower pressure sensitivity. This implies that the polymer plays a dominant role in determining

the pressure sensitivity characteristics of the tape cast films. Preliminary measurements
indicated that the tape cast films exhibited response times on the order of 1 ms. Microtomed

cross sections of the tape cast films showed that there is a continuous interconnecting network of

pore channels throughout the film. This may account for the observed rapid response times,

because the porosity provides a fast diffusion path for oxygen.

Tape cast temperature sensors of varying RhB concentration were calibrated over a broad

range of cryogenic temperatures (Fig. 4). At low RhB concentrations, the films were nearly

insensitive to temperature variations, while at higher concentrations, the films showed good

temperature sensitivity. However, the luminescent intensity of the sensor decreased both with

increasing temperature due to more available vibrational modes for radiationless deactivation,

and with increasing RhB concentration due to self-quenching effects. A larger luminescent

intensity facilitates data acquisition by increasing photodetection efficiency. Therefore, the

effective range of a temperature sensor depends on both the temperature sensitivity and the
luminescent intensity. The film with intermediate RhB concentration exhibited an effective

operating range of 130-260 K while the higher concentration had a range of 130-210 K. While

the temperature sensitivity of the intermediate concentration was less than that of the highest

concentration sensor, it still exhibited sufficient thermal quenching for data acquisition purposes.
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ABSTRACT

Erausquin,RichardG.Jr. M.S.A.A., PurdueUniversity,December1998. Cryogenic

Temperature- and Pressure- Sensitive Fluorescent Paints. Major Professor: John P.
Sullivan.

The use of pressure- and temperature-sensitive fluorescent paints to make

aerodynamic measurements has been well documented. The present work describes the

extension of that research into the realm of cryogenic wind tunnel testing. Cryogenic

wind tunnels are capable of simulating in-flight transonic Reynolds Numbers by lowering

the operating temperature of the working gas to near liquid nitrogen temperatures. While

this process enables testing in a dynamically similar flow, there are inherent difficulties in

obtaining measurements. The use of pressure- and temperature-sensitive paints in

cryogenic wind tunnels offers better economics and simplicity in measurement. The

objective of this research is the development of pressure- and temperature-sensitive

paints that function under the conditions experienced in a cryogenic wind tunnel. The

problems associated with the extension of paint technology into the cryogenic realm are

discussed and methods for preparing different coatings examined. These coating

preparation methods include increasing pressure-paint layer porosity using previously

untried methods of surface depositing luminescent molecules that alleviate poor

diffusivity at cryogenic conditions. Issues associated with molecular properties and the

ability to change those properties in an effort to design temperature-sensitive paints that

respond with better sensitivity over specific temperature ranges are investigated.

Apparatus for conducting cryogenic calibrations of pressure- and temperature-sensitive

paints are described and calibrations conducted. Results of these calibrations show

temperature response can be slightly affected by molecular design of luminescent

molecules and that paint layers can be created that show sensitivity to oxygen

concentration in the low temperature and low oxygen conditions found in cryogenic wind

tunnels.



CHAPTER1: INTRODUCTION

In recentyears, temperature-sensitivepaints (TSP's) and pressure-sensitivepaints

(PSP's)have attractedmuchattentionin the aerospacecommunity. Thesepaints are

commonly composedof a luminescentcompound and a binder. A luminescent

compoundis one that adsorbsradiativeenergy(light) of a particular wavelengthand

emits light of a slightly longerwavelength. Through thephotophysicalphenomenaof

thermalandoxygenquenchingof luminescence,emissionintensity of the paint canbe

relatedto temperatureand pressure. Hencefrom the detectedluminescenceintensity,

temperatureor pressureon thepaintedsurfacecanbe determined. In general,emission

intensityincreaseswith decreasingtemperatureanddecreasingoxygenconcentration.

Currently, TSP's and PSP's are being applied to aircraft developmentand wind

tunnel testing. Much success in obtaining temperature and pressure maps on wind tunnel

model surfaces has been documented. These paints can be used to generate high 5

resolution temperature and pressure maps, detect boundary layer transition, and examine

shock/boundary layer interactions.

Temperature measurements on wind tunnel models can sometimes incorporate a large

number of thermocouples or similar measurement devices. These are complex systems

that are expensive to instrument and do not yield continuous temperature distributions.

On the other hand, temperature-sensitive paint measurements are fairly simple,

inexpensive, and can yield full surface temperature maps.

Pressure-sensitive paints similarly offer several advantages over traditional methods

of measuring pressure distributions on wind tunnel models. Pressure taps are complex

and expensive (~$200 per tap) to install on wind tunnel models, cannot give continuous

pressure distributions, and aerodynamics and structural dynamics of the model can be

seriously altered by the modifications required for pressure tap installation. Using PSP's

alleviates all of these concerns. The continuous distributions obtained from PSP's allow

for better comparisons with computational results and data rates are much higher than

conventional techniques which increases efficiency of wind tunnel usage.
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One recent,and very challenging,extensionof the paint technology has been its

application in cryogenic wind tunnel testing. Cryogenic wind tunnel technology was

developed at NASA langley as a means of simulating high Reynolds number flows. By

cooling the wind tunnel test gas to near liquid nitrogen (LN2) temperature, significant

increases in Reynolds number can be obtained. Full-scale flight Reynolds numbers have

been obtained with sub-scale models in cryogenic wind tunnel facilities such as the

National Transonic Facility (NTF), European Transonic Wind Tunnel Facility (ETW),

and the 0.1-m Transonic Cryogenic Wind Tunnel at The National Aerospace Laboratory

(NAL) in Japan. Typically, these wind tunnels operate at temperatures in the range of 90

to 180 K. Naturally, these types of facilities are expensive to operate and the conditions

limit tunnel access. Cryogenic TSP's and PSP's require limited access and less tunnel

operating time, thus reducing the cost. Like room temperature paints, they are also easier

to implement than current techniques.

There are many challenges in the development of cryogenic TSP's and PSP's. The

environment is very harsh, thus adversely affecting the coating. The extremely low

temperatures have been observed to severely decrease diffusion of oxygen into the

commonly used polymer binders for PSP's. Brittleness of the binder also becomes a

major concern at these temperatures because any cracking or flaking of the binder would

destroy the coating. In addition, most work with TSP's has concentrated on temperatures

near room temperature. Compounds that are temperature sensitive under cryogenic

conditions are difficult to obtain. Another concern with cryogenic PSP's is the need for

molecular oxygen in the working gas to serve as a quencher. The problem that arises is

that since the working gas in a cryogenic wind tunnel is pure nitrogen, oxygen needs to

be added to the flow. Injecting large amounts of oxygen is, however, not permissible

from the standpoints of safety and cost. Thus, only small concentrations of oxygen are

allowed to exist in the working gas, yielding a necessity for highly sensitive PSP

coatings.

Once a coating has been found to respond to temperature or pressure it must be

calibrated to obtain a relation between emission intensity and temperature or pressure.

Under room temperature conditions, this is a fairly straightforward process. Calibrations



undercryogenicconditions,however,requiretheuseof specializedtest standsdesigned

specifically for that purpose. The design of such test stands, calibration methods, and

calibration results for cryogenic TSP's and PSP's are presented herein.

Another interesting aspect of the luminescent molecules is that recent photophysical

theory has suggested that temperature response can be affected by the molecular structure

itself. Through modification of currently utilized luminescent molecules, the region of

temperature over which the luminophore shows a response can be changed. It has also

been postulated that the sensitivity can also be affected. Attempts have been made to

create temperature sensitive molecules that exhibit a response over a specific region of

temperature with a high sensitivity.
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CHAPTER2: LITERATURE REVIEW

Thermalandoxygenquenchingof luminescencehasbeenobservedsince asearly as

19311, howeverit hasnot beenuntil the past two decadesthat luminescentmolecules

haveseenwidespreaduseastemperatureandoxygensensors.Two driving forcesin the

developmentof thesesensorshavebeentheareasof biosensingandaerodynamics.

In the realm of biosensing,much effort hasbeenmadein the areaof luminescent

oxygen sensors. Papkovsky2 createda prototype fiber-optic intensity-basedoxygen

sensorusinga derivativeof PtOEP. Shriver-Lake,et. al.3adapteda biosensorto utilize

dyesexcitedabove600 nm and coupledeasily to proteinsto enableeasydetectionof

blood toxins. A low cost instrument based on light-emitting diodes and photodiodes was

created by Trettnak, et. al. 4 Another interesting quality of Trettnak's device was that the

flow-through cell was thermally stabilized to alleviate temperature effects on the

luminescent molecules. In the ultimate application, Poole et. al 5 demonstrated the

measurement of microvascular plasma Po2 in vivo in a rat's costal diaphragm. While

many of these sensors use intensity-based methods, biomedical researchers have also

investigated fluorescence lifetime or phase based methods of making oxygen

measurements. Szmacinski and Lackowicz 6 describe their method for externally

modulating excitation light sources to enable measurements based on lifetime methods.

Lifetime and phase methods in biosensing have also been investigated by Hoist et. al. 7

and Keeffe et. al. s Another interesting aspect of Keffe's work was that the luminescent

molecule was immobilized in a Sol-gel matrix, a previously untried binder in

aerodynamics circles. Another interesting investigation of binder effects from the

biosensing community is the work of He et. al.9 In this work, He examines the effects of

entrapping a Ruthenium based complex in a silicone polymer binder.

Much of the early success of luminescent paints in aerodynamics came from

temperature-sensitive paints. Campbell. et. al. 1° calibrated many aromatic hydrocarbon

and transition metal based TSP's. The calibrated paints were then used to perform steady

state and unsteady heat transfer measurements on subsonic, supersonic, and hypersonic

models. Heat transfer in a shock-turbulent boundary layer interaction, heat transfer on a



wall shear"flow, and heattransferof an excited circular impinging jet were measured

usingtemperature-sensitivepaintsby Liu11.More recently,work by ShenandSchanze12

has focused on the actual synthesis of new temperature-sensitive paints that can be

designed to respond over certain regions of temperature by choice of ligand structure.

Pressure-sensitive paints have been used in numerous aerodynamic measurements.

Kavandi, et. al.13 conducted measurements on a 2-D NACA 0012 airfoil. McDonnell

Douglas conducted tests on a generic wing/body model at Mach 2, a Mach 1.2 high

performance fighter, and a converging-diverging nozzle 14. McDonnell Douglas 15 and

Torgerson 16 (of Purdue University) have also made efforts at PSP measurements in low

speed flows. In a very challenging extension of the technique, pressure measurements on

the fan blades of rotating machinery have been made using PSP's by Burns 17 and

Torgerson 16. An excellent review of both TSP's and PSP's is given by Liu, et. al. 24

To date, very little work has been done in implementing TSP's and PSP's under

cryogenic conditions. Campbell 1° calibrated many different compounds and discovered a

number of excellent TSP's that function in the cryogenic range. Cryogenic TSP's were

used by Asai, et. al. to detect boundary-layer transition in a cryogenic wind tunnel over a

temperature range of 90 to 150 K in both subsonic and transonic flows 18. In cooperation

with this research, Asai et. al. produced and tested a new coating technique for obtaining

PSP measurements in a cryogenic wind tunnel 19. Using this new coating, accurate

resolution of the pressure distribution on a circular arc bump model was accomplished.

Oglesby et. al. have also conducted cryogenic PSP experiments with this new type of

coating and have noted marked divergence from traditional linear Stern-Volmer

response 2°. It should be noted that non-linear Stern-Volmer responses have been noted

for various paints containing [Ru(ph2-phen)3] 21 and Platinum Porphyrin complexes 22.

These PSP's exhibit a downward curve in the Stern-Volmer response at lower oxygen

concentrations, thus exhibiting higher sensitivity at these low partial pressures. As

previously noted, this is desirable in the low oxygen environment of a cryogenic wind

tunnel.
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CHAPTER 3: THEORY

The photophysical processes behind the behavior of TSP's and PSP's have been

thoroughly presented in literature, but will be covered for completeness. On the macro

scale, a luminescent molecule is embedded in a polymer binder and placed on the surface

to be measured. Absorbing a photon of light of a particular wavelength excites the

luminescent molecules. In the process of returning to the ground state, the luminescent

molecules emit photons of Stokes shifted light. The general term for the emitted light is

luminescence. This process is depicted below in Figure 3.1, and a typical absorption and

emission spectra is shown in Figure 3.2.

Detector
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LIV Lamp _ PMT

Laser Optical PD

Flash Lamp Filter __ Calibrate Output
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Figure 3.1: Luminescent Paint Layer
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Figure 3.2: Absorption and Emission Spectrum for [Ru(ph2-phen)3]

3.1 Electrochemical Theory.

On a molecular scale, once the photon is adsorbed, an electron jumps from the singlet

ground state So to the excited state Si (i>l). Within picoseconds, the excited state relaxes

to the lowest excited singlet state $1 through radiationless internal conversion. There is a

small possibility that an intersystem crossing from $1 to the T1 triplet state may occur at

this point, otherwise the electron remains in the $1 state for a short period of time. Once

the electron is in either the lowest excited singlet or triplet state, the remaining excess

energy must be dissipated in order for the electron to transition back to the ground state

So. It is at this point, where a distinction is drawn as to what process happens next:

fluorescence, phosphorescence, or radiationless deactivation (quenching). All of these

processes are illustrated below in Figure 3.3.
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Figure 3.3: Energy Level Diagram

Electrons remaining in the $1 excited state can do so for only a short period of time.

In order to relax to the singlet ground state, the excess energy must be dissipated. This is

accomplished through the emission of a photon of light of a longer wavelength than the

excitation light. The emission of a photon during a transition from $1 to So is called

fluorescence. The other method of transitioning from $1 to So is through internal or

external conversion, commonly known as quenching. When a molecule is quenched, the

$1 to So transition occurs without the emission of a photon of light.

If an intersystem crossing from the first singlet excited state to the first triplet excited

state occurs prior to relaxation to the ground state, a slightly different process takes place.

As with transitions from the first singlet excited state, energy is dissipated through the

emission of a photon of light of a longer wavelength than the excitation light, or through

a radiationless deactivation process. The light emitted in the T1 to So transition is called

phosphorescence. The difference between fluorescence and phosphorescence comes

from the fact that transitions into the triplet excited state involve a spin flip of the

electron. Phosphorescence occurs much less than fluorescence because the transition

!



from the excited triplet state to the ground singlet state is spin forbidden according to the

Pauli Principle and thus exhibits a longer lifetime than a singlet excitation. It should be

noted that second- and third-row transition metals exhibit a spin-orbit coupling where

effects of the heavy metal atom can lead to a loss of distinction between singlet and

triplet states, za In TSP's and PSP's the radiationless deactivation processes are of

interest. Radiationless deactivation, or quenching, can occur through thermal or oxygen

quenching of the molecule.

3.1.1 Molecular Structure

The luminophores used in this research are based on second and third row transition

metals. A metal atom is bonded to a ligand molecule. The ligand is a molecule based on

benzene structures. The structure of the bond between the metal and ligand is a major

factor in determining temperature sensitivity. As an example of one of these atoms, a 2-

D figure of the [Ru(trpy)] molecule is shown below. In three dimensions another trpy

ligand molecule is bonded to the Ru opposite and perpendicularly out of plane with the

trpy ligand shown below.

H H

Figure 3.4: Structure of the [Ru(trpy)] molecule
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An anion is added to neutralize the charge of the luminescent molecule. Anion

quenching has been noted in some molecules, however it does not exhibit a large effect.

The size of the anion used determines the solubility of the luminescent molecule and thus

effects the kind of solvent used or whether or not the molecule dissolves directly into

certain polymer binders.

3.1.2 Thermal Quenching

Thermal quenching of luminescence is based on the metal-to-ligand bond as

mentioned in Section 3.1.1. At higher temperatures, the metal-to-ligand bond begins to

elongate and shrink in a spring-like fashion. As temperature increases, more energy is

lost to this vibration. Statistically, a system containing molecules experiencing energy

loss due to this vibration can be modeled using Boltzman statistics. Figure 3.5 below

shows the model used to describe a molecule's entry into the theoretical quenching state.

E

Quenching
State

Excited

State

Ground

State

T
I Adsorption[

Higher

Temperature

"m
? Internal

_Conversion
> [Adsorption uorescence[

>

Lower

Temperature

Figure 3.5: Quenching State Model

At higher temperatures, enough excess energy exists to allow some of the molecules

to transition into the quenching state. Once in the quenching state, the molecule goes

through a non-radiative internal conversion to return to the ground state. At lower

temperatures, not enough excess energy exists to enter the quenching state thus the

molecule must transition to the ground state by emitting excess energy in the form of a
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photon of light (fluorescence). It is the Boltzman statistics that describe the rate constant

kD, used in Section 3.2.

From this discussion, it should be apparent that the properties of the metal-to-ligand

bond have a large effect on rate parameters. These effects are controlled by the type of

bond and bond angle. Stronger bonds allow for less rigidity, thus adversely effecting

vibrations between the metal and ligand. Bond angle effects the distribution of molecular

orbitals, thus effecting the energy gap, E, between the excited state and quenching state.

3.1.3 Oxygen Quenching

Oxygen quenching of luminescence is an entirely separate process from thermal

quenching. The unexcited valence electrons in an 02 molecule naturally exist in the

degenerate triplet state. When two electrons inhabit a degenerate triplet state in a

molecule they have the same spin. When an 02 molecule in the triplet state comes in

close proximity to an excited luminescent molecule in the triplet state (see 3.1), the

electrons of opposite spin undergo a simultaneous transfer between the 02 molecule and

the luminophore. This process returns the luminophore to the ground state, thus

quenching the fluorescence, and returns the oxygen molecule to the singlet state.

It should be noted that singlet 02 is very reactive and may cause a destructive reaction

with nearby luminescent molecules. This is the cause of photodegradation in pressure-

sensitive paints (see 7.1.1 for a complete discussion). Metal porphyrin complexes like

PtOEP are very susceptible to reactions with singlet 02, transition metals are not as likely

to react.

3.2 Ouantitative Theory_

The entire photophysical process is best quantified through the quantum yield

(quantum efficiency) of luminescence _.
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_ rate of luminescence emission =--I (3.1)
rate of excitation I°

where I is the luminescence intensity and Ia is the adsorption intensity. In the steady-state

condition, the quantum yield in the presence of the quencher, [02], is given by the

following model:

1 kL = k L T (3.2)
= I-]-= +ko +k [02l

where kL is the rate constant for luminescence emission, kD is the rate constant for

deactivation and is temperature dependent, ko is the rate constant for quenching, [02] is

the local concentration of oxygen, and x is the lifetime of the excited molecule, given by:

r= l/(k L +k o +kQ[ozl ) (3.3)

Thus the process of thermal quenching affects quantum yield through kD, and oxygen

quenching affects quantum yield through the dependence on [O2] and ko. Dividing (3.2)

by the maximum luminescence intensity Io at [O2]=0 yields the Stern-Volmer equation:

I° = 1+ k_ro[O2]= 1 + K_ [O2 ] (3.4)
I

where Xo is simply the rate constant at [02]=0 and Ko is the product of ko and Xo. Since

[02] is proportional to the oxygen partial pressure, p[o2], equation (3.4) can be written:

I° = 1 + K P[o_ ! (3.5)
I

where K is the quenching constant with respect to p[o2 I. For a constant mole fraction of

oxygen in the gas, the partial pressure of oxygen can be related to the local static pressure

by:

P = _o2 Plod (3.6)

where p is the local static pressure and _o_ is the mole fraction of oxygen in the working

gas. The mole fraction is 0.21 for air and can be varied in a cryogenic wind tunnel.

Using equations (3.5) and (3.6) an expression for the sensitivity of the luminescent

coating to static pressure can be obtained:
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('%)
From equation (3.7) it can be noted that the sensitivity of a paint with quenching constant

K will decrease with decreasing mole fraction. Thus in a cryogenic wind tunnel where

the mole fraction of oxygen is low in the nitrogen-based cryogenic working gas, a paint

with large quenching constant, K, is needed.

By using the ratio of Io/I, spatial nonuniformities in the coating thickness, uneven

luminophore concentration, and non-uniform excitation light are ratioed out of the result.

It is however, very difficult to obtain a zero oxygen condition, even in a cryogenic wind

tunnel where residual oxygen in the liquid nitrogen can have a large effect on the emitted

intensity from these very sensitive PSP's. This problem can be alleviated by taking

equation (3.4) at intensity I and ratioing it with an intensity measured at a known

reference condition, Iref. Factoring out adsorption intensity Ia yields the functional form

of the Stern-Volmer equation shown below:

Iref

I
- A(T) + B(T) Plo_] _ a(T) + b(T) p

PIo2 lr,I P ,,I

A(T) + B(T) = a(T) + b(T) = 1

(3.8)

where A and B are experimentally determined coefficients, I is the measured intensity, I_f

is a reference intensity, PlO21 is the oxygen partial pressure, and p[o21ref is a reference

partial pressure. Due to the temperature dependence of the oxygen permeability of the

binder and ko (Xo), the coefficients A and B are temperature dependent thus requiring

surface temperature to be known. The constants A and B can be determined through the

following relation and experimental determination of the constants al and bl in the

A_a I

following16:

B =b 1

E,,, (T-Tr, I

1+ R--_-_ _ T,, I

" /Ep T -T_,¢

I+RT_// T,_

(3.9)
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where F-_r is the non-radiative activation energy, E o is the polymer activation energy, R is

the interaction distance, T is the surface temperature in K, T_f is the reference

temperature in K, and al and bl are experimentally determined constants. These

constants can be obtained through a calibration where oxygen partial pressures are varied

(or static pressure of a constant oxygen mole fraction gas is varied) at known constant

temperature. Equation (3.8) can be more generally expressed as a power series expansion

on the partial pressure ratio to account for some non-linear effects, however the second

order polynomial expression has been shown to be sufficiently accurate to this point.

For TSP's, the assumption of a non oxygen-permeable paint allows [02] to be set to

zero in equation (3.2) yielding:

I kL - k Lz-0 (3.10)
(I.)= i a - kL + ko

As noted previously, the rate constant kD is temperature dependent. It can be

decomposed into a temperature-independent part and temperature-dependent part,

kD=k0+k_. The thermal deactivation rate kl can be assumed as the Arrhenius forn"124:

k t =C exp(-E//RT ) (3.11)

where C is a pre-exponential constant, E is the Arrhenius activation energy, R is the

universal gas constant, and T is the thermodynamic temperature in Kelvin. Substituting

equation (3.11) into (3.10) and then subtracting the inverse of equation (3.10) at absolute

zero from the inverse of equation (3.10) at temperature T yields the following:

I a I, a k_' exp(- E//RT ) (3.12)
I(T) I(0)

The adsorption intensity Ia can be excluded from the above expression by dividing

(3.12) by the reference intensity Iref at a known constant temperature Tr_f yielding:

lnI(T)[I(O)-Ire,(T_e,)]=E(1 1 (3.13)I,, I (T,_)[Jr(0) - I (T)] T T,,f

Since I(0) is much larger than I(T) and Ir_f(Tref) it follows that:

[I (0) - Ir_I (Tr_I )J _ 1.0 (3.14)
[I(O)-I(T)]

and
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E(1 1) (3.15)I(T) =-R T TreInLe (r e)

Thus theorectially speaking, a plot of the log of the intensity ratio versus (1/T - 1/'rtef)

yields a straight line of slope E/R. Since the ratioing process corrects for non-

uniformities, the slope of the Arrhenius plot can be used to compare the sensitivity of

respective temperature paints.

While the linear relation holds for many luminescent compounds in solution, some

compounds in rigid matrices show non-linearities over certain temperature ranges.

Alternatively, the temperature dependence can be expressed in a functional form:

I(T) _ Fff /T,,¢) (3.16)
L (r)

The functional form could be a polynomial, exponential, or other function that fits the

experimental data over a certain temperature range.
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CHAPTER4: PAINT COMPOSITION, PREPARATION, AND MEASUREMENT

TECHNIQUES

4.1 Paint Composition and Preparation Techniques

A TSP or PSP is generally composed of two components, a luminescent molecule and

binder. Some new methods of attaching luminescent molecules to surfaces have also

been investigated in order to make more sensitive cryogenic PSP's.

4.1.1 Luminescent Molecules

The luminescent molecules calibrated in this research were based on second- and

third-row transition metals. These metals readily undergo the addition or subtraction of

electrons to produce different oxidation states, which makes them attractive as

photoredox reagents 23. Their likelihood to donate electrons to electron-accepting

substituents is desired because this has been shown to increase quantum yield and excited

state lifetime 36. Another positive attribute of the transition metals is that they are

naturally structured to carry out photochemical reactions using visible light 23.

For temperature_sensitive paint research, emphasis was placed on the [Ru(trpy)2]

family of luminescent molecules. This family exhibits very intense emissions at low

temperatures and are nearly fully quenched at room temperature 25. Thus, they are an

excellent choice for temperature sensors under cryogenic conditions. The structure of

[Ru(trpy)2] molecules offers several advantages significant to this research. Various

[Ru(trpy)2] molecules can be easily synthesized with different ligands 36. As noted in

Section 3.1.1, the dynamics of the metal-to-ligand bond and the electron donating or

accepting characteristics of the ligand 36 have a significant effect on the temperature

sensitivity of the luminescent molecule. This includes the rate constant and region of

temperature over which the molecule responds. A main effort in this research was to

calibrate [Ru(trpy)2] type molecules with various ligands to determine if the response

could be "tuned". This would enable the synthesis of molecules specifically designed to

respond with high sensitivity in a specific region of temperature.
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Forcryogenicpressure-sensitivepaint research,theemphasiswasplacedmoreon the

binderthanon the luminescentmolecule. The reasoningbeing that the permeabilityof

thebinderhasa significanteffecton theresponseof thepaint (seediscussionin section

4.1.3). Thus, three luminescentmoleculesknown to exhibit good sensitivity at lower

oxygenconcentrationswerechosenfor this research.Thefirst, [Ru(ph2-phen)3]hasbeen

usedfor many different measurementsat roomtemperatureand has a good record of

accomplishment. The other two luminescent molecules chosen were Platinum

porphyrins, Pt(meso-tetra flourophenyl) Porphyrin (PtTFPP) and Pt(octa-ethyl) Porphyrin

(PtOEP). Both have been observed to exhibit non-linear Stem-Volmer behavior in a rigid

matrix, but this non-linear behavior exhibits greater sensitivity at lower oxygen partial

pressures. As noted previously, good quenching behavior at low oxygen partial pressures

is needed for cryogenic wind tunnel measurements.

With the exception of the porphyrin complexes, a standard nomenclature has been

used throughout this document to describe the luminescent molecules. The nomenclature

is of the following form:

[atom(ligands)](anion)

4.1.2 Temperature-sensitive Paint Preparation

The preparation of temperature-sensitive paint layers is generally a simple process.

Two essential ingredients are required, the luminescent molecule and the binder used to

hold the luminescent molecules to the surface. While some luminescent molecules will

dissolve directly into certain polymers, in general it is necessary to first dissolve the

luminescent molecules into a solvent, then mix with a binder which is also soluble in the

solvent used. After the paint is mixed it can be applied to the surface on which a

temperature measurement is desired. The solvent typically fully evaporates before the

polymer is completely dry, leaving a layer where the luminescent molecules are

suspended within the polymer matrix.

Generally, polymer binders are used to attach the luminescent molecules to the

surface. Polymer binders are typically chosen because of their ability to form thin layers
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andtheir solubility in common organic solvents. Different binders have been shown to

have contrasting effects on adsorption and emission spectra, luminescent intensity

(lifetime) and temperature dependence 35. Binder choice is often the result of experience

plus trial and error. Another concern in choosing a binder for TSP measurements is

oxygen permeability. Since both oxygen and temperature quench luminescent molecules,

it is desirable to de-couple the effects. This is easily accomplished in TSP's by choosing

a binder that has low oxygen permeability.

The mixture may be applied to the surface using a variety of methods. The two most

common application methods are spray and dipping. Spraying the paint onto the surface

using an airbrush produces a thin, fairly uniform coating. This is desirable so that non-

uniformity in the layer does not adversely effect the measurements. Dipping the surface

into the paint solution and slowly withdrawing it produces thin films. Uniformity

depends on the rate at which the surface is withdrawn from the paint mixture and on

surface adhesion properties. In general, this method produces coatings uniform to the eye

and acceptable for conducting measurements.

As this research is focused on TSP's operating in the cryogenic temperature range, it

is necessary to examine what effects cold temperatures have on paint layers. The main

concern is that the layer will become too brittle and crack at the extremely cold

temperatures. Whether or not the layer will crack is dependent on the amount of

contraction the material suffers with lowering temperature and the thickness of the layer.

Experience has shown that thicker layers tend to crack more than thinner layers under the

same cryogenic conditions. The overall likelihood of a layer to crack is difficult to

quantify, thus trial and error generally identifies which particular binders are best to use

and how thick the coating should be.

4.1.3 Pressure-sensitive Paint Preparation

In general, the PSP molecule is absorbed into a polymer binder, which is highly

oxygen permeable, and applied to the surface being measured. This is completed in a

similar manner to that used to mix and apply TSP's. Factors such as test environment

and response time influence the choice of molecule and binder. As with TSP's, the
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bindercanaffect a luminescentmoleculesabsorptionandemissionspectra,luminescent

intensity(lifetime) andtemperaturedependence.

Generally,binderswith higherdiffusivity producemoresensitivePSP'swith faster

responsetimes. Baronet a126.suggestfast respondingcoatingsbasedon silica coatings

appliedto aluminum platesor a commercialporous silica thin-layer chromatography

(TLC) plates. Thesetypesof coatingshavebeenusedto measurepressuredistributions

in impinging jets27androtating propellerblades28. Torgersonet. al.29haveusedless

porousbinderssuchasGE 118RTV andmodelairplanedopeto makemeasurementson

alow speedimpingingjet. GERTV 118mixedwith silicaparticleswasusedasabinder

for [Ru(ph2-phen)3]in high-speedaxial compressorfan blade pressuredistribution

measurements3°. While the most sensitive response is obtained with silica coatings, these

are often difficult to apply to wind tunnel models. RTV based binders can be more easily

sprayed onto the model, but tend to be less permeable to oxygen.

Oxygen permeability of the layer becomes an even larger issue at the low temperatures

being investigated for this work. Permeability of gaseous oxygen into the paint layer is

obtained from the following relation:

e=Poe-F/kr (4.1)

where P is the coefficient of permeability, E is the thermal activation energy, k is

Boltzman's constant, and T is temperature in Kelvin. It can be seen from equation (4.1)

above that permeability will decrease exponentially with decreasing temperature.

Because permeability becomes so low at cryogenic temperatures, methods of

increasing permeability needed to be found. Some of the low temperature effects on

permeability of the RTV and GP-197 based paints have been alleviated by adding large

amounts of silica to the paint mixture. While this increases the porosity of the binder, it

also has an adverse effect on the ductility of the paint layer. In addition, several new

methods of depositing the luminescent molecules onto the surface using little or no

polymer were examined. Those methods are outlined in the following sections.



20

4.1.3.1 AnodizedAluminum

To alleviatesomeof thepooreffectsof low temperatureonbinders,a newmethodof

depositingthe luminescentmoleculeonto themodelwasdevelopedby Asai et. al31. In

this method,an electrochemicalanodizingprocessis usedto producea thin layer of

porousaluminacontainingaluminophore.Aluminumandleadstripsareplacedin abath

of 20% (by concentration)sulfuric acid and 10 Volts (,41.6A) placedacrossthe two

stripswith the positive leadattachedto the aluminumandthe negativelead to the Pb.

The voltageis appliedto thetwo stripsfor approximately10 to 30 minutes. Next the

luminescentmoleculeis dissolvedin abathof Ethanolandthetwo stripsareplacedin the

Ethanolbathwith thealuminumsurfaceto becoatedfacing theleadstrip. A voltageof

20 Volts (N0.01A)is thenplacedacrossthetwo stripswith thenegativeleadattachedto

the aluminumandthepositiveleadattachedto thePb. Thevoltageis appliedfor 5 to 10

minutes dependingon the desiredcoating thickness. The resulting coating is very

uniform, tough, and has an extremely high sensitivity to oxygen at cryogenic

temperatures.

4.1.3.2 HydrothermalCoating
A coatingmethod in which a thin coatingof polymer and titania can be created

throughhydrothermalcrystallization32wastried. This offersthepossibility of creatinga

coatingwith high quantumyield. Since only a small weight percentof polymer is

required,this coatingalso offers the possibility of minimizing the cryogeniceffectson

the polymer. To createthe mixture, the polymer (Kraton Dl102 shell / polystyrene-

polybutaediene co-polymer) is dissolved in toluene. Next, a titanium precursor (titanium

diisopropoxide bis(ethyl acetoacetate)) is added. The ratio of TiO2 to polymer in the final

coating is controlled at this step. The mixture is applied to a surface which is

subsequently dipped into a solution of water and a luminophore ([Ru(ph2-phen)3] in this

case) where a hydrolyzing process takes place, forming the coating containing TiO2,

polymer, and luminescent molecule. The ratio of TiO2 to polymer can vary significantly,

however 80/20 and 99/1 were tested in this research.
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4.1.3.3 Sol-gel
TheSol-gelprocessis usedto producehighquality glassesandceramics 33- hi optical

sensors, silica or titania is commonly used in the production of the Sol-gel layer. These

glasses are produced through a process of hydrolysis and condensation polymerization of

the metal alkoxide solution containing the silica or titania. Following this, a temperature

program is undertaken to control the densification process. Through selection of process

parameters, a microporous glass can be produced. This structure can be used as a support

matrix for the luminophores, which are added to the precursor solution. This structure

grows around the luminescent molecules and encapsulates them in a nanometer-scale

cage-like structure small enough to hold the luminescent molecule, yet large enough to

allow the quenching reagent (oxygen) to pass through.

4.1.3.4 Tape Casting

Tape casting is a commonly used method of producing extremely thin layers of

ceramic powders 34. Again, some polymer is needed but considerably less polymer is in

the coating than in traditional paints. To create a tape cast coating, a backing is passed

through a bath containing a solution of aqueous ceramic slurry with polymer emulsion as

shown below in Figure 4.1.

Blade

Solution
I

Casting Backing

Figure 4.1: Tape Casting Method

The blade controls the thickness of the layer as the backing passes out of the solution.

The solution then dries onto the backing. Final coatings can be approximately 0.5 mm

thick. Once the coating is dry, it can be dipped into a solution containing a dissolved

luminophore, which is soaked into the coating.
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4.1.3.5 PorousFilters

Certain filters may retain their porosity under cryogenic temperatures. Soaking

luminescentmoleculesinto the filters createsa PSP that retains its porosity under

cryogenicconditions. Thechoiceof filters is primarily a trial anderror process. Two

such paints were tested in this work.

4.2 Measurement Techniques

Two possible measurements can be used to relate to temperature or pressure in a TSP

or PSP coating. Both are acquired in similar manners. The first is based on the intensity

of the emitted light from the paint. The second involves AC measurement of the lifetime

or phase of the emitted light.

4.2.1 Intensity Based

Measurement of fluorescent intensity is currently the most common method of

gathering experimental data from temperature- and pressure-sensitive paints. Blue or UV

lamps are used to excite the paint and fluorescent emissions are collected with a CCD

camera or photodetector and PC based frame digitizer board. For paint calibration,

integrated measurements using a photodetector are used to relate intensity on a small

painted surface to temperature or pressure.

For full surface mapping a CCD camera is used to take an image of the entire surface.

The digitized image is then processed to get pixel intensities and flow-off and flow-on

images are divided to remove non-uniformities in paint thickness and lighting. This ratio

is then converted to temperature or pressure readings based on calibration data, yielding a

temperature or pressure map of the entire surface. Resolutions of 8 bits and 640X480

pixels are available in standard CCD cameras, however resolutions of 16 bits are

available in more expensive cooled, scientific CCD arrays. The biggest disadvantage to

this method is that model movement can cause displacement between the flow-off and

flow-on images. This problem is commonly alleviated by the use of image mapping and

spatial transformations.
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Improvedresolutionandnoisecharacteristicscan be achieved through the use of a

laser scanning system. Instead of taking an image of the entire surface, a focused laser

spot is scanned over the surface, exciting the paint. A low noise photo-multiplier tube or

photo-diode is used to measure the emission intensity at each spot in the scan. After

amplifying and faltering, the signal is digitized with a high resolution A/D converter.

Through the use of computer controlled scanning mirrors or a rotary stage, the scan area

and resolution can be user-specified. An added advantage is that the laser provides fairly

uniform excitation intensity, while variations can be easily monitored.

4.2.2 Lifetime Based

By modulating the intensity of the excitation light, fluorescence decay curves can be

recorded. Typically several curves are recorded and averaged using a digital oscilloscope

or A/D board. An exponential curve can then be fitted to the data and the lifetime

calculated. The advantage to using lifetime measurements is that the measurements are

independent of luminophore concentration and lighting effects. There is however, a

disadvantage when using a laser scanning system in conjunction with this method. The

disadvantage is that a large amount of computing time is required to fit a curve to each

data point on the surface.

A related method that requires less computing time is measurement of phase. Similar

to lifetime measurements, the excitation intensity is modulated but the phase shift

between the excitation and fluorescence signals is measured instead of decay. This

measurement can be easily completed using a lock-in amplifier and has the added

advantage of rejection of AC noise at frequencies other than the frequency of the

modulation. Torgerson 29 notes that for systems with small pressure changes (i.e. low

speed aerodynamic tests), signal-to-noise ratio can be significantly increased through the

use of the scanning system with a lock-in amplifier. By modulating the laser beam,

producing an AC fluorescent signal, and making use of the lock-in amplifier, electrical

bandwidth can be decreased to well below 1 Hz, increasing the signal-to-noise ratio. The

other method used to increase signal-to-noise ratio is to increase the excitation intensity,

however care must be taken not to photodegrade the paint. Many popular luminescent

compounds, such as the porphyrin family, are highly susceptible to photodegradation.
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CHAPTER 5: TEMPERATURE CALIBRATIONS

In order to make effectivesurfacetemperaturemeasurements using temperature-

sensitivepaint,a calibrationrelatingthe surfacetemperatureto paintemission intensity

must be performed. The apparatusused toperform thesecalibrationsisshown in Figure

5.1. Each sarnplc consistedof a temperature-sensitivepaint applied to an aluminum

block (1" x 1" x 0.25"). A 0.125" diameter hole was drilledin the block,parallelto and

near the painted surface,for the temperaturcprobe. These samples wcrc then placed on

the sample stand and illuminatedwith lightof the correctwavelength to excite thc

fluorescence.

5,1 Calibration Apparatus

The calibration rig consists of five basic components: an excitation source, a

sample stand, an intensity measurement system, a thermometer to measure sample

temperature, and a personal computer (PC) to collect the data. Details concerning the

specific components are given in the following sections and a diagram of the entire

system is shown in Figure 5.1.
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Figure 5.1: Temperature Calibration System

5.1.1 Excitation Source

Paints were excited using either an Argon ion (Ar+) laser or Ultraviolet (UV)

light. The UV lamp was a 100-watt mercury arc lamp equipped with a filter. The lamp

had a peak emission at 365 nm and little radiation at other wavelengths. In the case of

Ar+ laser excitation, either an air-cooled or a water-cooled Argon ion (Ar+) laser was

used. The air-cooled laser is a low power (5 mW), multiline (515, 488, and 457 nm) Ar+

laser. The water-cooled Ar+ laser has 5 watts peak power and emissions at various peaks

with 488 nm (blue-green) and 514 nm (green) being the strongest.

5.1.2 Sample Stand

Since the area of interest in these experiments was the response of temperature-

sensitive paints under cryogenic temperatures, a sample stand capable of attaining

temperatures between -180 °C and room temperature was required. A stand capable of
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operating in this temperature range was used in previous investigations by Campbell 35

and was used again for these experiments. The design of the stand is shown below in

Figure 5.2.

0t5 _'

I Copper Pan

/1\

Asbestos

Pan

3°5"

\1/

5.5" >q
11.5"

Figure 5.2: Cross Section of Sample Stand

The test stand consists of a 5.5" x 5.5" x 1.5" copper pan with a solid copper bar

welded perpendicular to the pan's bottom. The copper bar has a diameter of 1" and is

approximately 4.5" tall. It is cut at a 45 ° angle at its top and a small ledge is bolted to the

bar allowing the sample block to rest on the sloped surface.

Underneath the pan rests a 3" diameter heating pad attached to the copper with heat

sink compound. The copper fixtures rest inside another pan (6.5" x 6.5" x 2.25")

consisting of asbestos blocks with fiberglass insulation placed between the copper and

asbestos. The assembly of copper and asbestos rests inside a square hole recessed into a

large block of polystyrene insulation. Another block of polystyrene with a small hole for

the copper bar is placed over the copper pan. This block also contains a hole for pouring

liquid nitrogen into the copper pan. The gaps between the polystyrene sheets are sealed

with duct tape along the edges.
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To isolate the sample from room air to allow cooling to near liquid nitrogen

temperature, a housing of aluminum with a glass window sits atop the polystyrene box

surrounding the copper bar and sample. The housing is sealed to the top of the box with

duct tape. A line from a nitrogen bottle was attached to the back of the housing in order

to purge the box of air prior to each calibration, eliminating the possibility of icing or

condensation occurring on the sample surface. In addition, the glass window was heated

with hot air from a hair dryer to prevent fogging at the low temperatures.

5.1.3 Emission Intensity Measurement

The intensity of the paint's fluorescent emissions was measured using a

Photomultiplier tube (PMT) from EMI corporation. The light emitted from the sample

was collected by a large lens and the image focused onto the PMT through a long-pass

glass/interference optical filter. The filter cut-off frequency was determined by the

wavelength of the particular paint's emission. Filters utilized in this research had cut-off

frequencies of 550, 580, or 600 nm. The output of the PMT was passed through a

Wavetech model 452 low pass digital filter with cut-off set to 30 Hz. This setting

reduced any higher frequency fluctuations such as 60 Hz line noise. The output was

connected to a PC equipped with a 12-bit analog-to-digital (A/D) board (DAS-1600).

5.1.4 Sample Temperature Measurement

Sample temperature was monitored using an Omega CY7-SD7 cryogenic silicon

diode sensor and Omega CYD-208 cryogenic thermometer. The sensor was soldered

onto a 0.125" copper wire which fit into the hole on the sample drilled near the painted

surface. The sensor was connected to the thermometer with 32 gage copper wires,

purchased from Omega (CYW4-32-25). The PC read the temperature from the

thermometer through a serial port connection.
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5.1.5 DataCollection

Calibrationdatawas collectedusing a PC via a Quick Basic Program. The

programreadsvoltagefrom the PMT via anA/D board and readssampletemperature

throughtheserialport.

5.1.6 CalibrationProcedure

First, a trickle flow of nitrogen gas through the calibration rig is initiated. This

purges ambient air from the rig to avoid condensation or icing on the sample. Next, the

sample is cooled to approximately -175 °C by falling the copper pan with liquid nitrogen

through the liquid nitrogen pouring hole in the top of the calibration rig. Once the sample

is at its coldest temperature, the emitted fluorescence will be at the highest and the PMT

supply voltage can be set to yield the highest resolution. After ensuring the PMT is

within the linear detection range, the PMT is covered and the Quick Basic program is

used to obtain a reading of the DC offset of the PMT. After this, the PMT is uncovered

and the program takes data points (temperature, PMT output voltage) at regular intervals

as the sample warms from liquid nitrogen temperature to room temperature. As sample

warming slows, a current is applied to the heating pad to increase the rate of warming

until the calibration ends.

5.2 Calibration Results

A total of 26 paints were made and calibrated during this research. Plots of the

calibration results are included in Appendix A. Two plots are presented for each paint:

relative intensity versus temperature and an Arrhenius plot. Since experimental data is

usually presented as an intensity ratio, presenting calibration data as an intensity ratio

versus temperature gives direct insight when deciding what paint to use in an experiment

based on the calibration data. Campbell 35 found that comparisons of paint sensitivity

could be made by comparing the slopes of intensity ratio versus temperature for various

paints. For each paint a useful range of sensitivity is identified. The useful range is

determined by identifying the temperature region where the paint exhibits sharp intensity
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changeswith temperature(i.e.the largestslope).A linearregressionwasperformedover

theusefulrangeof eachpaint anda regressionline is markedon eachintensityratioplot

in AppendixA.

5.2.1 GeneralResults

Fluorescentcompoundsbased on Copper,Platinum, Rhodium, Ruthenium, and

Osmium were tested. Emphasis was placed on the [Ru(trpy)2] family of compounds

because they have been shown to be temperature dependent in the region of interest by

Campbell 35 and Maestri et. al.s6 and derivatives with larger Stokes shifts into the red

could be formulated 36. A discussion of the different Ruthenium compounds is given in

section 5.2.2. Early in this research the binder of choice was determined to be DuPont

Chromaclear® due to its low oxygen diffusivity and good surface adhesion at cryogenic

temperatures.

For the purpose of comparison, the average slope of each paint's intensity ratio versus

temperature over it's useful range was calculated by linear regression. Plots of the

calibration data can be found in Appendix A. The useful range and intensity ratio slope

of each paint are tabulated below in Table 5.1.
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Table 5.1: Intensity Ratio Slope Data for Calibrated TSP's

Paint

[Cu(phz-phen)2](PF6)2 in GP-197

PtPFPP in CC

PtPFPP in Polyurethane

[Rh(bzq)2Cl]2 in CC

IRh(bzq)2(phen)](PFe) in CC

IRu(bipy)3](DS)2 in CC

[Ru(bipy)3](TFPB)2 in CC

[Ru(ph2-phen)3l(DS)2 in CC

[Sn(trpy)] in CC

[Re(trpy)(4'-C6Fs-trpy)](NO3) 2 in CC

[Ru(trpy)(4'-Ci-t_y)](Cl2) in CC

[Re(trpy)(4'-NC-trpy)](NO3)2 in CC

[Ru(phtrpy)(Cltrpy)](NO3)2 in CC

[Ru(trpyX4'-TfO-trpy)](NO3)2 in CC

[Ru(trpy)(MeStrpy)](NO3)2 in CC

[Ru(trpy2)(NO2Phtrpy)|(PF6) in CC

[Ru(trpyXphtrpy)](PF6)2 in GP-197

[Ru(trpyXpht_y)](PF6)2 in CC

[Ru(trpy)(ppd-trpy)](TFPB)z in CC

[Ru(trpy)(phyphen)](TFPB)2 in CC

[Ru(trpy)(SO2Me-trpy)](PF6)2 in CC

[Ru(trpy)2](DS)2 in CC

[Ru(trpy2)I(TFPB)2 in CC

lRu(ppd-trpy)2lCITPB)2 in CC

IOs(trpy)21(PF6)2 in CC
[Ru(troy)(Vh127)](PF6)2 in GP-197

Fig.

A.1

A.2

A.3

A.4

A.5

A.6

A.7

A.8

A.9

A.10

A.11

A.12

A.13

A.14

A.15

A.16

A.17

A.18

A.19

A.20

A.21

A.22

A.23

A.24

A.25

A.26

Useful Range

¢c)

-150 to --80

45to 100

0to75

-175 to -130

-100 to -50

0to75

0 to 75

20 to 90

-175 to --85

Intensity Ratio

Slope

(a0ardA'r)

-0.0073

-0.0107

-0.0062

-0.0191

-0.0107

-0.0096

-0.0095

-0.0077

-0.0112

-175to-50 -0.0081

-175to-50 -0.0106

-150to-50 -0.0078

-175 to -50

-175 to -50

-175 to -75

-175 to -75

-175 to -50

-150to-100

-175to-50

-175to -50

-0.0093

-0.0101

-0.0105

-0.0087

-0.0114

-0.0142

-0.0097

-0.0090

Comments

Calibration
FaRed

Easily

photodegraded

Easily

photodegraded

Not very stable

-0.0154-175 to -75

0 to 75 -0.0041

-175to-75 -0.0104
Cafibration

-150to-75 -0.0122
Failed

-170to-75 -0.0114

-175to-75 -0.0149
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In general, the Ruthenium and Rhodium compounds exhibited the best response in

the temperature range of interest. Compounds based on these two elements exhibited

sensitivity from -175 °C to -75 or -50 °C. While [Cu(ph2-phen)2](PF6)2 exhibited

sensitivity at -150 °C, it had a small useful range and comparatively poor intensity ratio

slope. Osmium compounds with both terpyridine and bipyridene ligands were tested but

only [Os(trpy)2](PF6)2 was calibratable. It was desirable to test Osmium based

compounds since they can be excited by red laser light and emit in the infa-red range of

the spectrum. While a paint that could be excited by a relatively cheap red laser was

desired, the useful range was above 0°C and the intensity ratio slope was very poor. The

Platinum Porphyrin compounds also did not exhibit temperature sensitivity in the desired

temperature range. [Rh(bzq)2Cl]2 exhibited a large intensity ratio slope over a fairly small

useful range (-175°C to -130°C) while [Rh(bzq)2(phen)](PF6) had a similar but shifted

useful range (-100 °C to -50 °C) which was outside our desired temperature range.

Overall, the Ru(trpy) based compounds showed the best intensity ratio slope over good

useful ranges.

5.2.2 [Ru(trpy)2] based compounds

The objective in investigating various [Ru(trpy)2] based compounds was to obtain a

compound which exhibited a response similar to the response of [Ru(trpy)(VH-

127)](PF6)2, which was received from Thummel at the University of Houston. While the

VH-127 compound exhibits a very good temperature response in cryogenic conditions, it

is very hard to synthesize while the other Ru(trpy) compounds calibrated here were

relatively easy to synthesize. By using various ligands as electron donating or electron

accepting groups, the "activation" temperature of the luminescent response to

temperature could be moved and hopefully designed. All compounds were synthesized

by C. Cunningham of the Purdue University chemistry department and were mixed into

paints and calibrated using the calibration apparatus described in section 5.1. Figure 5.3

below shows a comparison of several of the synthesized compounds.
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Figure 5.3: Comparison of Ru(trpy) based paints

As can be seen from the above plot and the slopes in Table 5.1, the response of the paints

to temperature is very similar for these compounds. As expected, [Ru(trpy)2] has the

shallowest slope, while changing the ligand structure produced steeper slopes. While the

increases in slope were not as significant as hoped, most interesting is that the response

and intensity ratio slope of [Ru(ppd-trpy)2](PF6)2 were very similar to that of

[Ru(trpy)(VH-127)](PF6)2 which met our goal as [Ru(ppd-trpy)2](PF6)2 is simpler to

synthesize. The major difference between these two compounds was that the

[Ru(trpy)(VH-127)](PF6)2 exhibited a linear Arrhenius response while the [Ru(ppd-

trpy)2](PF6)2 did not. This however does not affect the researcher's ability to calibrate

and fit a function to the paint's response. Other Ruthenium based compounds produced

good responses in the temperature region of interest with useful sensitivity, but slopes

were shallower than that of [Ru(ppd-trpy)E](PF6)2.
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5.2.3 Effectsof PolymerBinders

In chemistrycircles, the luminescenceof transition metal complexes is typically

studied in solution. The effect of a solid matrix on fluorescent compounds is a very

complex question and is beyond the current scope. In the interest of completeness, some

of the effects are illustrated with the current data.

As previously noted, the mobility of the metal-to-ligand bonds affects the vibrational

energy of the bonds. Suspension in a rigid matrix restricts this mobility. Through this

restriction the vibrational energy associated with vibrational (temperature) quenching is

limited, reducing the sensitivity of the compound to changes in temperature. Interactions

between different polymer binders and luminescent molecules have different effects on

the mobility of the metal-to-ligand bonds, producing different results. This is illustrated

by Figure 5.4 and Figure 5.5 below.

1.6

1.4

1.2

1.0

-- 0.8

E o.6

0.4

0.2

0.0

-200

I • Chromaclear 1o Polyeurethane

-150 -100 -50 0

Temperature (°C)

50 1O0 150

Figure 5.4: Effects of Polymer binder on PtPFPP
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i
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Figure 5.5: Effects of Polymer Binder on [Ru(trpy)(phtrpy)](PF6)2

While the calibration results for PtPFPP in Chromaclear® and Polyurethane were

significantly different, there was only a slight difference seen between

[Ru(trpy)(phtrpy)](PF6)2 in Chromaclear® and in GP-197. Thus, it should be noted that

if one compound does not respond well in one binder, it may respond better in another (or

vice versa). In this research it was decided to use one suitable binder and test different

luminescent molecules in that binder.

Another interesting note is that the Arrhenius plots (see appendix A) are not linear for

most of these paints. As noted in Chapter 3, theory states that the response of the paint

should be linear when plotted in the Arrhenius form. With the exception of

[Rh(bzq)2](C12) and [Ru(trpy)(VH-127)](PF6)2, it can be seen from Figures A.1-A.26 that

many of the Arrhenius plots are non-linear over certain temperature ranges, notably the

cryogenic. While this does not hinder the ability of the researcher to calibrate and fit a

curve to the intensity data, is does indicate that other processes are affecting the response

of the paint. One possible explanation of this could be effects of the binder. Increased
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rigidity of the polymer matrix at cryogenic temperatures could affect the molecular

vibrations that produce the temperature response.

5.3 Application - Boundary, Layer Tran._ition Detection in Cry, ogenic Wind Tunnel

Two cryogenic temperature-sensitive paints found during Campbell's research 35 were

applied to a NACA 64-A012 laminar airfoil placed in the 0.1-m Transonic Cryogenic

Wind Tunnel at NAL, Japan. Testing was conducted by Asai, et. al. TM and is presented

here to illustrate one application of cryogenic temperature-sensitive paints.

5.3.1 Wind Tunnel and Experimental Setup

The 0.1-m Transonic Cryogenic Wind Tunnel is a closed-circuit, fan-driven wind

tunnel operated with cryogenic nitrogen as the working gas. The tunnel has a maximum

stagnation pressure of 200 Pa and stagnation temperatures can range from 90 K to 200 K.

The test section is a 0.1 m square. A simple schematic showing the operation of the 0.1-

m Transonic Cryogenic Wind Tunnel is shown below in Figure 5.6 and the optical

system is shown in Figure 5.7.

GasExhaust

f-

OxygenMonitor

(_Fan _

-T2Model

Oxygen Injection

r_t_z

LN2 Supply

rrlo2

iimm

Figure 5.6: NAL 0.1-m Transonic Cryogenic Wind Tunnel Operation
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Figure 5.7: Optical System

A 300 W Xenon lamp with a light guide, band pass falter (470 +/- 50 nm), and a

collating lens made up the excitation source. A dichroic mirror was used to separate

paint emission from excitation light and a digital camera was used to measure the

emission intensity of the paint.

5.3.2 Experiment and Results

[Ru(trpy)2] in GP-197 and [Ru(trpy)(VH-127)] in GP-197 where applied to the

airfoil. The Xenon lamp was used to excite the paint and images of the surfaces were

recorded by the CCD camera. Two methods of enhancing the surface temperature

signatures between the laminar and turbulent regions were used. The two methods were

actively cooling or heating either the tunnel flow or model substrate. A sample image of

the data obtained in this experiment is shown below.
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Figure5.8: Transitionon NACA 64-A012

The boundary layer transition is easily visualized in the above figure. The dark areas

are laminar flow regions (low heat transfer) and the light areas are turbulent flow regions

(high heat transfer). The boundary layer trip approximately 40 % up the chord is also

clearly visible.
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CHAPTER6: PRESSURECALIBRATIONS

Since measurementsusing Pressure-sensitivePaints (PSP's) under cryogenic

temperatureshadneverbeenattemptedprior to the inceptionof this work, simple initial

experimentswere conducted to determine if PSP's responded under cryogenic

temperatures. Once it was determined that PSP's did respond cryogenically, a calibration

relating the surface pressure to paint emission intensity needed to be performed in order

to be able to make effective surface pressure measurements using pressure-sensitive

paint. The apparatus used to perform these calibrations is shown in Figure 6.1, and it

should be noted that the overall system is very similar to that used for temperature-

sensitive paint calibrations. The main difference is that a more unique sample stand was

necessary. As in the cryogenic temperature-sensitive paint calibrations, each sample

consisted of a pressure-sensitive paint applied to an aluminum block (1" x 1" x 0.25").

These samples were placed in a modified cryostat and illuminated with light of the

correct wavelength to excite the fluorescence.

u

6.1 Initial Feasibility. Experiments

Initially it was not known if the pressure-sensitive paints would respond under

cryogenic conditions. Thus, a simple experiment was conducted on various paints to see

if they would respond. The sample stand used for temperature-sensitive paint

calibrations (see Figure 5.2) was modified by adding a copper tube coiled around inside

the liquid nitrogen pan. One end of the copper tube opened onto the sample and the other

end was connected to a supply of dry oxygen gas. The sample was cooled as described in

section 5.1.6 and then oxygen was allowed to flow through the copper tube, which cooled

the gas, and then onto the surface of the sample. Visual inspection was made to

determine if any observable change in emission intensity occurred. This was done

repeatedly as the sample wanned up and the temperature at which a response was
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observedwas recorded. The resultsof theseinitial experimentsare shownbelow in

Table6.1.
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Table6.1: Resultsof Initial Cryogenic PSP Experiments

Compound

[Ru(ph2-phen)3l in Dope

[Ru(ph2-phen)3] in GE 118

[Ru(ph2-phen)3] in GE 118 + silica gel

(dipped)

[Ru(ph2-phen)3] in GE 118 + silica gel

(Toluene as solvent)

[Ru(ph2-phen)3] in GE 118 + silica gel

particles (less than in prev sample) on Mylar

[Ru(ph2-phen)3] in GE 118 + silica gel

particles on Mylar

[Ru(ph2-phen)3] in

[Ru(ph2-phen)3l in

PtTFPP in GP-197

GP-197

GP-197 + lots of silica

PtOEP in GP-197

PtOEP in GP-197 + lots of silica gel

PtOEP in GP-197 + lots of silica gel

(dipped)

[Ru(ph2-phen)3] on Porex Porous

Polyethylene

PtOEP on Porous Polyethylene

[Ru(bipy)3](DS)2 on TLC

[Ru(phE-phen)3] on TLC

PtOEP on Polystyrene

PtOEP in GP-197 soaked into ceramic #1

PtOEP in GP-197 soaked into ceramic #10

PtOEP in GP-197 soaked into ceramic #2

PtOEP in GP-197 soaked into ceramic #3

PtOEP in GP-197 soaked into ceramic #4

PtOEP in GP-197 soaked into ceramic #5

PtOEP in GP-197 soaked into ceramic #6

PtOEP in GP-197 soaked into ceramic #7

PtOEP in GP-197 soaked into ceramic #8

PtOEP in GP-197 soaked into ceramic #9

PtOEP in GP-197 soaked into filter paper

yes/ Notes

no

no

no Responded above 200 K

yes Responded above 150 K

yes Responded above 150 K

yes Responded above 150 K.

yes Above 125 K

no Responded above 235 K

yes Showed response at 90 K

no Responded above 180 K

no Responded above 250 K

yes Responded above 90 K. Very
sensitive.

yes Responded above 90 K. Very
sensitive.

no

yes Responded above 125 K.

yes Responded above 110 K.

yes Responded above 90 K. Very
sensitive

yes Responded above 125 K. Not a very

good response.

yes Responded above 125 K.

no Responded above 180 K.

yes Responded above 125 K.

yes Responded above 130 K

yes Responded above 140 K.

yes Responded above 150 K.

yes Responded above 175 K.

yes Responded above 140 K.

yes Responded above 160 K.

yes Responded above 125 K.

yes Responded above 150 K.
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Severalsignificantobservationscanbe madefrom the aboveresults. Notably that

paintsusingpolymerbindersfrom commonroomtemperaturePSP'sshowedno response

at thedesiredconditions(below150K). Theadditionof silicagel to certainbinders(GE

RTV andGP-197)improvedobservedresponseby loweringthe temperatureat which a

responsewasfirst observed.Finally, noceramicbindersworkedin theregionof interest.

6.2 Calibration Apparatus

The cryogenic pressure-sensitive paint calibration rig consists of eight basic

components: an excitation source, a modified cryostat, an emission intensity

measurement system, a temperature measurement and control system, an absolute

pressure measurement and control system, the test gas, a vacuum pump, and a personal

computer (PC) to collect the data. Details concerning the specific components are given

in the following sections and a diagram of the entire system is shown in Figure 6.1.
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m

6.2.1 Excitation Source

Paints were excited using either an Argon (Ar+) laser or frequency doubled yag laser.

In the case of Ar+ laser excitation, either an air-cooled or water-cooled Argon ion (Ar+)

laser was used. The air-cooled laser is a low power (5 mW), multiline (515, 488, and 457

nm) Ar+ laser. The water-cooled Ar+ laser has 5 watts peak power and emissions at

various peaks with 488 nm (blue-green) and 514 nm (green) being the strongest. The

frequency doubled yag has 50 mW peak power with emission at 532 nm.

Excitation source intensity was measured using a Nu systems model 2001 photodiode

and recorded on the PC through an A/D board. The excitation light was reflected off a

piece of clear glass and focused onto the photodiode. This measurement was used to

correct calibration data for fluctuations in the intensity of the excitation source.
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6.2.2 ModifiedCryostat

In addition to operatingat cryogenictemperatures,the test standfor the cryogenic

pressure-sensitivepaintshadto bea sealedvesselsothatpartialpressureof oxygencould

becontrolled. A modifiedKeltranPFcryostatwasusedfor this purpose.The modified

cryostatis shownbelowin Figure6.2.
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Liquid nitrogen is used to cool the device to cryogenic temperatures and is contained

in the buffer volume. In most standard cryostats, experiments are conducted solely under

vacuum, thus the vacuum insulation jacket surrounding the buffer volume is simply

extended around the sample holder so that one evacuation valve is needed to evacuate the

entire unit. For our purpose however, it is necessary to fill the space surrounding the test

sample with a gas mixture containing oxygen. Because the surface of the buffer volume

is always near liquid nitrogen temperature (-77 K), any oxygen in a gas surrounding the

buffer volume would condense on the surface of the buffer since the condensation

temperature of oxygen (-90 K at 14.7 PSI) is above that of nitrogen. In addition, the

presence of a gas in the system significantly increases the heat transfer to the outside,

reducing test time available at cryogenic conditions. Thus, it was necessary to modify the

basic design of the cryostat to better suit our requirements. The solution was to introduce

a bellows between the buffer volume area of the cryostat and the test chamber area

containing the sample (see Figure 6.2), thus separating the liquid nitrogen storage portion

from the actual test chamber where gas would be introduced into the unit. Two valves

were added to the lower portion to allow for filling and evacuation of test gasses.

There is one window on the lower portion allowing optical access to the sample,

which is mounted on the copper sample holder. The sample holder is attached to the base

of the lower tube leading from the buffer volume, allowing liquid nitrogen to come in

direct contact with the sample holder. Aluminum sample blocks with the PSP paint on

one surface are attached to the sample holder with an aluminum bracket and four screws.

The interior of the test chamber has been finished with black paint to reduce reflected

excitation light from inside the test chamber.

Sample temperature is controlled through two devices, the variable temperature

displacer and Nichrome wire heater. The variable temperature displacer is a stopper of

specific diameter inserted into the tube leading from the liquid nitrogen buffer volume to

the top of the sample holder. It's purpose is to restrict the flow of nitrogen onto the top of

the sample holder, thus slowing the cooling process, reducing heat transfer, and slowing

evaporation of liquid nitrogen coming into contact with the hotter sample holder. As

liquid nitrogen trickles past the variable temperature displacer, the sample mount and
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sample(which is thermallyattachedto theholder)cool down. A Nichromewire heateris

wrappedaroundtheupperportion of the sampleholder to introduceheatinto thesystem

andraisethe temperatureof the sampleand holder. Thereis alsoan RTD temperature

sensorin the top of the sample holder. The heater and RTD are attached to a temperature

controller, which applies current to the heater when the temperature from the RTD

becomes lower than the desired set point. In order to conserve liquid nitrogen, it is

desirable to have the smallest possible flow rate past the displacer while still cooling at a

sufficient rate to maintain the desired cryogenic temperature. Several displacers are used,

each sized for use over a specific range of cryogenic temperatures (i.e. one for use above

100 K, one for use above 150 K, etc.). With use of the proper displacer and proper filling

procedures (see Section 6.2.9), desired temperatures can be maintained for several hours.

Actual test time is much less since gas is repeatedly introduced into the test chamber,

significantly increasing heat transfer out of the unit thus increasing the rate of liquid

nitrogen depletion. Under continuous calibrations, the unit can remain at temperature for

approximately V2 hour when using the proper displacer and procedures.

6.2.3 Emission Intensity Measurement

The emission intensity of the paints was measured using a Photomultiplier tube

(PMT) from EMI corporation. The light emitted from the sample was collected by a

large lens and the image focused onto the PMT through a long-pass glass/interference

optical f'dter. The filter cut-off frequency was determined by wavelength of the particular

paint's emission. PMT output was passed through a 30 Hz cutoff low pass digital filter to

eliminate any higher frequency fluctuations such as 60 Hz line noise. The output of the

digital filter was connected to a PC equipped with a 12-bit analog-to-digital (A/D)

converter board (DAS-1800).

6.2.4 Sample Temperature Measurement and Control

Sample temperature was controlled using an Omega CN-76000 temperature

controller. The controller used an RTD located above the sample holder to measure the
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temperatureof the sample mount assembly. It was assumed that the aluminum sample

block was in thermal equilibrium with the copper sample mount assembly and thus the

RTD temperature was equal to the sample surface temperature. To control temperature,

the CN-76000 provided a reference signal to the Nichrome wire heater power supply,

which activated a relay that dosed the circuit to send current through the heater. Use of

the controller in conjunction with a properly sized liquid nitrogen displacer enabled

sample temperature to be controlled to within +/- 2 °C.

6.2.5 Pressure Measurement and Control

Absolute pressure in the test chamber was measured with an Omega PX-142 absolute

pressure transducer in conjunction with an Omega DP-41 indicator. The transducer was

capable of measuring 0-15 PSI absolute pressure with a 1% F.S. error. The DP-41

indicator was connected to the data collection PC through a RS-485 serial port

connection.

Test chamber pressure is controlled using the valve panel depicted below in Figure

6.3. Vacuum can be pulled on the cryostat vacuum jacket by opening ball valve 1. Once

vacuum exists in the vacuum jacket, it can be sealed by the valve on the cryostat itself

and by dosing ball valve 1. Vacuum can be pulled in the cryostat test chamber by

opening ball valves 2, 3, and 4 and the needle valve. The test gas enters the chamber

through the lower line and valve system. With ball valve 4 open and slightly opening

then dosing the needle valve, small changes in test chamber pressure can be produced.

See section 6.2.9 for a complete description of the operation of the valves to produce the

desired environments in the test chamber.
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Figure 6.3: Valve Control Panel

6.2.6 Data Collection

Calibration data was collected using a PC via LabView® software. The computer

reads voltage from the PMT and voltage from the photodiode via DAS-1800 A/D board

and reads pressure from the DP-41 indicator via the serial port. Each data point is taken

manually with the LabView® program. All data points for the test are corrected for laser

intensity fluctuations and displayed graphically by the program in intensity ratio form.

6.2.7 Test Gasses

In order to calibrate cryogenic PSP's under the low oxygen partial pressures that are

encountered in cryogenic wind tunnel testing, specialized test gasses were needed in

order to achieve accurate resolution in the region of interest. These specialized gasses

were dry mixtures of oxygen and nitrogen. The gasses available were 100 PPM, 250

PPM, 500 PPM, 0.1%, 0.5 %, 1.0 %, and 2.0 % oxygen with the balance nitrogen, and

dry air (21% oxygen). Each gas was used to calibrate each sample between vacuum and

14.7 PSI. This allowed for proper resolution of the low partial pressures seen in

cryogenic wind tunnel tests where oxygen concentrations are between 100 and 1000

PPM.
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6.2.8 Vacuum Pump

An Edwards E2M0.7 rotary vacuum pump was used to evacuate the test chamber of

the cryostat. The pumping capacity of the pump is 1.1 ma/hr and the lowest observed

pressures in the test chamber were less than 0.1 PSI.

6.2.9 Calibration Procedure

First, the test section is purged and evacuated several times with dry nitrogen using

the procedure described below, to remove any ambient moisture or oxygen. Following

the final purge, the test section is evacuated and the cryostat lower chamber evacuation

valves dosed (see Figure 6.2). The temperature controller is set to a value lower than 88

K so that the heater does not turn on during the cool down process. Next, liquid nitrogen

is poured into the fill hole through a funnel until liquid is seen to be steadily streaming

from the vent. At this point filling is stopped until the cryostat reaches its lowest

temperature of approximately 88 K (about five minutes). Then more liquid is poured in

to replace that evaporated during the final stage of the cool down. Once the buffer

volume is full, the variable temperature displacer is inserted through the fill hole and

adjusted so that it rests approximately 0.25 inches above the top of the sample holder (see

Figure 6.2). This will slow the flow of liquid nitrogen to the top of the sample holder,

allowing for slower rates of cooling while under constant temperature control.

With the sample at its lowest temperature and the cryostat readied for the test, the hair

dryer is activated to alleviate condensation on the window, which may arise when the test

gas is in the chamber. The temperature controller is set to the desired temperature and

heating begins until the set point is reached and temperature control initiated. Then, the

desired test gas is connected to the valve panel. Once above oxygen condensation

temperature (-90 K), ball valves 2 and 3 and the needle valve (see Figure 6.3) are now

opened to attain vacuum in the lines leading to the cryostat, allowing the cryostat lower

evacuation valves to be opened. Next, the needle valve is set to a slightly open position

and ball valves 2 and 3 are closed and ball valve 4 opened to allow test gas to flow into
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thetest chamberuntil a pressureof ~14.7PSI is attained. Bail valve 4 is thenclosed.

Next ball valves 2 and 3 areopenedagainto pump out the gas in the chamber. This

purgeprocessis completed4-5 successivetimes,leaving the chamberat vacuum.This

ensuresthecompositionof theresidualgasinsidethetestchamberis indeedthe intended

composition. It shouldbenotedthatthe testgassesshouldbeusedin orderfrom lowest

oxygenconcentrationto highestso asto havethe paint at it's brightestintensity at the

startof thecalibration. ThePMT supplyvoltageis thensetto yield thehighestresolution

andadarkcurrentdatapoint is taken.

With the desiredtemperatureattainedand the test section at vacuum (with any

residualgasbeingof thepropercomposition),the calibrationcanbegin. With all panel

valvesin thedosedposition,bail valve4 is openedsothattestgaspressurizesthesystem

up to theneedlevalve. An initial datapoint is taken,followed by the slight openingthen

dosing of theneedlevalve to increasethepressurein thetestsection. A new datapoint

is then takenand the processcontinueduntil the desiredending pressureis achieved

(typically -14.7 PSI).

Following this, the test chamber is evacuated as described above and the next desired

test gas is connected to the valve panel. The chamber is purged 4-5 successive times as

described above and_the next calibration can be completed. The overall process can be

continued until all test gases have been calibrated or the liquid nitrogen in the buffer

volume is exhausted, whichever comes first. If the liquid nitrogen needs to be re-filled

prior to having tested all gases, the test chamber should be brought to vacuum, closed off

at the cryostat lower evacuation valves and the temperature controller disengaged.

Following this, the liquid nitrogen can be refilled as described above without having to

change any settings of additional electronic equipment such as the PMT. It should also

be noted that care should be taken not to expose sensitive equipment, such as the PMT, to

excess light while refilling the liquid nitrogen. Another important consideration is to

make every effort to conserve the liquid nitrogen in the buffer volume. Time at

cryogenic temperatures can be extended by always topping off the LN2 level after the

cryostat has reached it's coldest temperature and also keeping the test chamber at vacuum

as much as possible so as to reduce heat transfer to the outside.



51

6.3 Calibration Results

A total of 22 paints were fashioned and calibrated during this research. Some paints

were chosen as a result of the initial feasibility tests, others were synthesized using new

methods in an effort to get the luminescent molecules deposited on the surface using little

or no polymer. Because the binder was observed to have a large impact on PSP

performance, results are organized by binder. In some cases, several different

luminescent molecules were tested using the same type of binder. Although some results

show non-linear behavior, data is plotted in the generally accepted Stern-Volmer form.

The presentation in the following sections focuses primarily on the region of interest in

cryogenic wind tunnel testing. More specifically, the region of interest includes

temperatures of 150 K and 100 K and oxygen partial pressures between 0 and 100 Pa.

Calibration data for oxygen partial pressures up to those found in the standard

atmosphere can be found in Appendix B.

6.3.1 Anodized Aluminum

[Ru(ph2-phen)3] was deposited on the surface of pure aluminum and 2024 aluminum

alloy using the anodizing process described in Section 4.1.3.1. Coatings were prepared

by Hirotaka Sakaue of the Purdue University Aerospace Sciences Lab. Both coatings

exhibited non-linear behavior and comparison of the room temperature response of the

two paints shows that the coating on pure aluminum appears to exhibit better sensitivity,

as shown below in Figure 6.4.
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Figure 6.4: Stern-Volmer Response of Anodized Aluminum Paints

The data above was taken at room temperature using atmospheric pressure in PSI as the

reference condition.

Under cryogenic conditions, examination of the overall response (shown in

Appendix B) shows that the coating on the 2024 Alloy appears to respond better than

pure aluminum at 150 K and the responses are the same at 100 K. This is contrary to

comparisons made at standard conditions. Comparisons of the two responses in the

region of interest for cryogenic wind tunnel testing are shown below in Figure 6.5 and

Figure 6.6.
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In both figures, reference conditions are taken at an oxygen partial pressure of 14.0 Pa.

At 150 K, the coating on the 2024 alloy shows approximately two times the sensitivity as

the coating on the pure aluminum. At 100 K, there is no discernable difference between

the two coatings, as the data is too noisy to give any insight into the response at this

temperature.

6.3.2 GE RTV/Silica Gel

Luminescent coatings using GE RTV have been used in the past by several

researchers 16'17. The preliminary experiments described in Section 6.1 showed that paints

with GE 110 RTV as the binder responded to oxygen at cryogenic temperatures when

silica gel particles were added to the mixture. It was postulated that the addition of the

silica gel increases the diffusivity of the coating. Using [Ru(ph2-phen)3] or PtTFPP as the

sensor, paints with increasing concentrations of silica gel particles were tested. The

specific binders tested were:

• 5 mg [Ru(ph2-phen)3]/5 mL RTV/0.5 g silica gel

• 5 mg [Ru(ph2-phen)3]/5 mL RTV/1.0 g silica gel

• 5 mg [Ru(ph2-phen)3]/5 mL RTV/2.5 g silica gel

• 10 mg PtTFPP/5 mL RTV/2.0 g silica gel

None of the coatings responded in the range of interest for cryogenic wind tunnel testing.

While none of the luminescent coatings responded at cryogenic conditions, the

coatings did respond at temperatures above -60 °C. Although not cryogenic, this

temperature range is of interest for conducting in-flight pressure measurements. A

comparison of the response for the [Ru(ph2-phen)3]/5 ml RTV/X g Silica Gel coatings is

shown below in Figure 6.7.
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The above figure is in Stern-Volmer form with reference conditions taken at standard

atmospheric pressure. The calibrations were done using air as the test gas at a

temperature of -30 °C. The figure indicates that the addition of silica gel particles to the

binder causes a small increase in the slope of the response. It should also be noted that

the addition of silica gel causes the coating to become more powdery and harder to keep

attached to the surface. Matrix calibrations for each paint at -30, -20, -15, and 25 °C are

given in Appendix B. Another concern with this paint was hysteresis. The paints did not

appear to return to their starting intensity once the test chamber was evacuated following

calibration. Further investigation revealed that the paints apparently had a slow

desorption rate of oxygen and that the [Ru(ph2-phen)3] based paints would indeed return

to the starting intensity after 2-3 minutes under vacuum. Adsorption of oxygen seemed

to be a much faster process with responses registering within 10 seconds of the

introduction of additional gas. A coating of PtTFPP/5 mL RTV/2.0 g silica gel was also

tested, but exhibited a much slower desorption rate (~ 15 min) and was deemed unusable.
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6.3.3 GP-197/Silica Gel

While preliminary experiments showed that coatings using GP-197 as a binder were

not very sensitive under cryogenic conditions, the addition of silica gel to the mixture

appeared to dramatically increase the sensitivity. The following GP-197/silica gel

coatings were prepared and tested under cryogenic conditions:

• 5 mg [Ru(ph2-phen)3] / 10 mL GP-197/1.0 g silica gel

• 5 nag [Ru(ph2-phen)3] / 10 mL GP-197/2.0 g silica gel

• 5 mg PtTFPP / 10 mL GP-197/2.0 g silica gel

• 6 mg PtOEP / 10 mL GP-197 / 2.0 g silica gel

Comparison plots in the region of interest are shown below in Figure 6.8 and Figure 6.9.

Intensity data are normalized to 1.0 at an oxygen partial pressure of 14.0 Pa.
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Figure 6.8: Comparison of GP-197/Silica Gel Coatings at 150 K
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Figure 6.9: Comparison of GP-197/Silica Gel Coatings at 100 K

At both temperatures, no discernable differences can be observed. Resolution is

generally too poor for these coatings to be useful. Information from the full range of

pressure tested (see Appendix B) shows that these paints could be useful over a much

larger range of partial pressures, but cannot provide the proper resolution over the small

range needed in cryogenic wind tunnel testing.

6.3.4 Hydrothermal Coating

Two luminescent paints were prepared by Aaron Scroggin of the Purdue University

Materials Engineering Department using the hydrothermal coating method described in

Section 4.1.3.2. Both used [Ru(ph2-phen)3] as the luminescent pressure sensing

molecule. One coating used 99% TiO2 and 1% polymer, the other 80% TiO2 and 20%

polymer. Figure 6.10 below is a Stern-Volmer comparison of the two coatings at room

temperature. Data is normalized to 1.0 at 14.7 PSI.



58

n

1.2

1.0

0.8 _o o
@ °

0.6

0.4

0.2

0.0
0.0

o
@

o •o•
0 •

•0

@0
@

• 99-1 Io 80-20

0.2 0.4 0.6 0.8 1.0 1.2

P / Pref

Figure 6.10: Comparison of Hydrothermal Coatings at Room Temperature

It can be seen from Figure 6.10 that slope of the response increases with decreasing

amounts of polymer. Unfortunately, when tested at 150 K the coating containing 20%

polymer did not respond and the coating with 1% polymer only showed a 5% drop in

intensity between vacuum and atmospheric pressure air. Thus, neither coating could be

considered further for use as a cryogenic PSP.

6.3.5 Polystyrene

Attempts were made to create paints using polystyrene as the binder. Coatings using

[Ru(ph2-phen)3] in polystyrene and PtTFPP in polystyrene were created. The coating

containing [Ru(ph2-phen)3] did not respond to oxygen at all. The PtTFPP/polystyrene

coating showed the following response to air at room temperature (data is normalized to

1.0 at 14.7 PSI).
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Figure 6.11: Stern-Volmer Response for PtTFPP/polystyrene in Air at 25 °C

The response follows the Stern-Volmer theory well and shows good sensitivity between

vacuum and 15 PSI air. The coating, however, did not show any response to oxygen

below a temperature of-25 °C and showed no temperature response below a temperature

of-50 °C. Thus, this paint was of no use as a cryogenic PSP or TSP.

6.3.6 Sol Gel

Samples of [Ru(pha-phen)3] in a Sol Gel binder were obtained from Jeff Jordan of

Innovative Scientific Solutions, Incorporated (ISSI). Room temperature calibrations in

air yielded the following Stern-Volmer response normalized to 1.0 at 14.7 PSI.
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Figure 6.12: Stem-Volmer Response of [Ru(ph2-phen)3] in Sol Gel (25 °C, air)

This result agreed with similar tests on the sample conducted at ISSI. The sample

however, did not respond to oxygen at temperatures below -70 °C.

6.3.7 Tape Casting

The Tape Casting method described in Section 4.1.3.4 was used to create PSP's using

[Ru(ph2-phen)3] or PtTFPP as the luminescent molecule. These coatings were prepared

by A. Scroggin of the Purdue University Materials Engineering Department. Room

temperature calibrations in air yielded the following responses.
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Figure 6.13: Stern-Volmer Responses of Tape Cast PSP's (25 °C, air)

While the [Ru(ph2-phen)3]/Tape Cast paint shows a linear response, the PtTFPP/Tape

Cast paint is highly non-linear below P/P,ef=0.2. [Ru(ph2-phen)a]/Tape Cast shows no

response to oxygen below -30 °C. PtTFPP/Tape Cast showed a 20% intensity drop

between vacuum and 15 PSI air at 150 K and a 30% intensity drop at 200 K. While this

response could be observed and calibrated, the paint is of little use in cryogenic wind

tunnel testing as proper resolution of the low oxygen partial pressures cannot be obtained.

6.3.8 Thin-Layer Chromatography Plate

Based on results of the initial feasibility experiments, [Ru(ph2-phen)3], PtTFPP, and

PtOEP where each soaked into standard grade Thin-Layer Chromatography (TLC) plates

and calibrated under cryogenic conditions. Room temperature calibrations in air yielded

the following results for these three paints.
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Figure 6.14: Stem-Volmer Response for TLC Based Paints (25 °C, air)

As can be seen above, all three paints show non-linear Stem-Volmer responses.

PtOEP shows the steepest slope at low concentrations and [Ru(ph2-phen)s] shows the

shallowest. All three paints responded well under cryogenic conditions and Figure 6.15

and Figure 6.16 below show comparisons of the three paints at 150 and 100 K

respectively in the region of interest for cryogenic wind tunnel testing.
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Figure 6.16: Comparison of TLC Based Paints at 100 K
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At 150 K, PtOEP/TLC exhibits the largest intensity change over the region of

interest. Followed by [Ru(ph2-phen)3] and PtTFPP. At 100 K, no discemable trends can

be observed.

6.3.9 Filter Paper

Based on results of the initial feasibility experiments, [Ru(ph2-phen)3], PtTFPP, and

PtOEP where each soaked into Whatman filter paper #1 (cat # 1001 042) and calibrated

under cryogenic conditions. Room temperature calibrations in air yielded the following

results for these three paints.
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Figure 6.17: Stem-Volmer Responses for Filter Paper Based Paints (25 °C, air)

As with the TLC based paints, the filter paper based paints all show non-linear Stem-

Volmer responses under room temperature conditions. PtOEP shows the steepest

response at low pressures and [Ru(ph2-phen)3] shows the shallowest. All three paints

responded well under cryogenic conditions. Figure 6.18 and Figure 6.19 below show

comparisons of the responses at 150 and 100 K respectively.
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At 150K, the PtOEP and PtTFPP paints responded with the steepest slopes and the

[Ru(ph2-phen)3] was considerably shallower. No information could be derived from the

response at 100 K.

6.3.10 Porous Polyethylene

Attempts were made to create paints using Porex X-7744 porous polyethylene falters.

These particular ftlters had 7 lain pores. [Ru(ph2-phen)3] did not respond to oxygen when

soaked into this material, but PtTFPP did respond at temperatures above -75 °C. This

made it a good possibility for use as a flight test paint, as static temperatures at cruising

altitudes are above this temperature. Figure 6.20 below shows a matrix calibration for

PtTFPP in Porex for the temperature regime found at a cruising altitude of approximately

20-30,000 ft.
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Figure 6.20: Matrix Calibration for PtTFPP in Porex Porous Polyethylene
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6.3.11 Non-Collapse of Data at 100 K

Of the paints in the preceding sections which responded to oxygen under cryogenic

conditions, none proved calibratable at 100 K while several were successfully calibrated

at 150 IC A more detailed plot of the calibrations for [Ru(ph2-phen)3] on TLC at 150 K

and 100 K are shown below in Figure 6.21 and Figure 6.22.
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Figure 6.21: [Ru(ph2-phen)3] on TLC- 150 K
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Figure 6.22: [Ru(ph2-phen)3] on TLC - 100 K

As described in section 5.1.6, different test gasses are used to resolve the small

regions of partial pressure that are of interest in cryogenic wind tunnel testing. As

discussed in section 3.2, theoretically, the data from different test gasses should collapse

onto the same curve when plotted in Stern-Volmer form. The above figures show the

data from each test gas. The data at 150 K collapses but the data does not collapse at 100

K. This phenomena was observed in all paints that responded to oxygen in this

temperature range. The trend seen in the above data was observed even though

individual test gas calibrations yielded repeatable results when normalized to the same

reference conditions, as shown below in Figure 6.23. The data is from an anodized

sample at 100 K in a 78 % nitrogen, 2 % oxygen gas mixture and is normalized to 1.0 at

14.7 psi static pressure.
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Figure 6.23: Repeated Calibration of Anodized Aluminum, 100 K, 2 % 02

As an illustration to show this phenomena is not limited by luminophore and binder,

Figure 6.24 and Figure 6.25 below show calibration results for PtTFPP on Filter Paper.

Additional results are given in Appendix B.
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Figure 6.24: PtTFPP on Filter Paper - 150 K
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Figure 6.25: PtTFPP on Filter Paper - 100 K
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This phenomena has also been observed by researchers at NASA Langley Research

Center a). There is currently no explanation for this phenomena, however theories include

nitrogen adsorption and occupation of quenching sites, condensation phenomena, or

anomalies in the porous surface.

6,4 Application - PSP Data in NAL 0.1-m Transonic Cry_ogenic Wind Tunnel

Several of the cryogenic PSP's discovered during this research were tested in the 0.1-

m Transonic Cryogenic Wind Tunnel at the National Aerospace Laboratory (NAL) in

Japan 19. A description of the wind tunnel and operating conditions was given in section

5.3.1. The paints were applied to strips on a circular arc bump model in the wind tunnel.

The model had an array of pressure taps along the mid-chord. Oxygen injection provided

the quencher for the PSP's. Quencher concentration was monitored using a ZrO2 oxygen

sensor. Figure 6.26 below shows an a priori calibration of [Ru(ph2-phen)3] in Anodized _

Aluminum at the 16 pressure tap locations.
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Figure 6.26: a priori calibration of [Ru(ph2-phen)3] in Anodized Aluminum
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A C_distributionoverthebumpis shownbelowin Figure6.27.
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Figure 6.27: Cp Distribution Obtained from [Ru(ph2-phen)3] on Anodized AI

The spike at approximately 0.7 x/c is the shadowgraph of the shock wave on the

surface of the model. The dots represent pressure data from taps at the corresponding

location. From the figure it is seen that the paint data and pressure tap data agree well.

w



73

CHAPTER 7: SOURCES OF ERROR

The accuracy of TSP and PSP measurements depend generally on photochemical

properties of the paint and the measurement system used. The error sources can be

classified in 2 groups:

1) Errors resulting from Photochemical and Photophysical properties of the paint

a) Photodegradation

b) Hysteresis

2) Measurement System Errors

a) Unstable illumination source

b) Photodetector Noise/Dark Current Effects

c) Non-linearity of photodetector response

d) Wavelength overlap between illumination source and optical filters

e) Leakage of atmospheric air into the test stand

Photodetector noise and illumination intensity fluctuations are random in nature, the

remaining sources or error are systematic and must be procedurally addressed. A

complete error analysis is difficult to obtain due to the many different components

utilized in a TSP or PSP measurement system, however various sources of error can be

individually addressed and minimized through proper procedures.

7.1 Errors Resulting From Photochemical and Photophysical Properties

7.1.1 Photodegradation

Photodegradation of a luminescent paint occurs when the emission light intensity of

the paint decreases with exposure time to illumination light. It is dependent upon

illumination intensity, exposure time, and the properties of the luminescent molecule

itself. Photodegradation is caused by destructive reactions between singlet state 02
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moleculesproducedduring the quenchingprocessandthe luminescentmolecules. The

Porphyrinfamily is very sensitiveto singlet02, but moleculesbasedon transitionmetals

arenot assensitive.

Previousworkn hasshown that the calibration data for paints exhibiting various

degreesof photodegradationroughlycollapseontothesamecurvethroughnormalization.

While this is true, photodegradingapaint is still undesirablesincetheemissionintensity

mayfall belowusefullevelsfor detection. Sincephotodegradationresultsfrom exposure

to singletO2,it canbe significantly diminishedin TSP'swhenusinga binderwith low

oxygenpermeability,which is alreadydesirable.In addition,usingminimal amountsof

excitationlight andlimiting exposuretime can diminish the effects of photodegradation.

7.1.2 Hysteresis

Hysteresis, or repeatability, occurs when calibration data does not match for

consecutive calibrations. The causes of hysteresis vary depending on the type of coating

being tested.

7.1.2.1 Temperature Hysteresis

Hysteresis in TSP's is mainly a function of the glass transition temperature, Tg 37

When temperature of the polymer binder exceeds the glass transition temperature, the

matrix undergoes a non-reversible transition from a relatively brittle glassy state to a soft

and rubbery state. This transition effects the temperature dependence of the luminescent

paint 11. Either maintaining a temperature below the glass transition of the binder or pre-

heating the binder to a temperature above rig prior to calibration can eliminate the effects

of temperature hysteresis. Depending on calibration conditions, either method of

eliminating temperature hysteresis was used in this research.

7.1.2.2 Pressure Hysteresis

Hysteresis in PSP's can be caused by several factors. Glass transition causes

hysteresis much the same as in TSP's and was avoided in the same manner as outlined in
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the above section. In addition, moisture can soak into the coatings containing silica and

cause hysteresis. The water molecules occupy quenching sites on the surface that could

otherwise be inhabited by a quencher. This decreases the paint's intensity and changes

the calibration. Typically paints containing silica must be stored in dry conditions (in a

desicator for example) and used within 72 hours before significant effects of moisture

adsorption are observed. Similar aging effects have been observed with the anodized

coatings, but this has not been directly correlated with moisture.

As a check for hysteresis which may have occurred during the calibration, room

temperature calibrations in air were performed prior to and after exposure of each paint to

cryogenic conditions. No significant changes in response were observed in any of the

paints. Figure 7.1 below is an example of one of these checks. The calibration is for

PtOEP on TLC plate at room temperature. Data is normalized to an intensity ration of

1.0 at 14.7 psi static pressure. As can be seen from the data below, only small variations

in the response were observed.
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Figure 7.1: Hysteresis Check for PtOEP/TLC
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As anadditionalcheckfor hysteresisat low oxygenconcentrations,thetestchamber

waspurgedrepeatedlywith nitrogenandbroughtto vacuumprior to and aftereachPSP

calibration. Intensities were noted and if any significant differences(> 3 %) were

detected,calibrationswere repeateduntil repeatabilitywasobserved.Additionally, pre-

and post-cryogenicexposurecalibrations were conductedand results comparedto

observeif anyhysteresiseffectsoccurred. It wasnotedthat somepaints, suchasthose

using GE RTV + silica gel binders,exhibitedvery low ratesof desorptionof oxygen

while at cryogenicconditions. While thesepaintsreturnedto the initial intensityafter a

significanttimeperiod ( >15min), theeffectcouldbemistakenfor hysteresis.

7.2 Measurement System Errors

7.2.1 Unstable Illumination Source

Fluctuations in the illumination source can cause associated fluctuations in emitted

luminescence from the paint. In most cases in this research, the laser illumination

sources had intensity fluctuations of less than 1.0 %, which was stable enough to not

affect measurements. Since PSP's often exhibit less sensitivity to oxygen compared to

TSP's sensitivity to temperature changes, laser emission was monitored and recorded for

PSP calibrations. Fluctuations in laser intensity were corrected for by dividing each paint

intensity reading by the associated laser emission intensity for that reading. For TSP

calibrations, laser power was simply monitored for significant variations (> 1.0 %) where

possible.

7.2.2 Photodetector Noise/Dark Current Effects

In addition to signal noise, there are two major sources of noise in photomultiplier

tubes, shot noise and Johnson noise. Shot noise (dark noise) originates from the

individual photons which eventually impact the PMT anode and is associated with the
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thermioniccomponentof darkcurrent38.Thermsnoisecurrentfrom shotnoiseis given

by:

I,_ =/_(2eidB)_ (7.1)

where _t is the photomultiplier gain, e is the charge on the electron, id is the dark emission

current from the photocathode, and B is the bandwidth of the observation.

Johnson noise is thermal noise associated with the load resistance of the PMT and is

given by the following:

I,,_ = (4kTB / R) Y22 (7.2)

where k is Boltzman's constant, T is the temperature in Kelvin, R is the load resistance,

and B is the bandwidth of the observation.

From equation (7.2) it can be seen that the Johnson noise is dependent on the square

root of the load resistance, assuming temperature is fairly constant. It has been shown

that a load resistance of 50 ohms or greater will reduce the Johnson noise to a point

where the shot noise (dark noise) far exceeds the Johnson noise 3s.

Signal noise can be modeled with the following equation:

I n =/_(2eisB) y22 (7.3)

where _ is the photomultiplier gain, e is the charge of an individual electron, is is the

signal current, and B is the bandwidth of the measurement.

Noting that there is no correlation between shot noise and noise in the signal current,

the noises may be added by summing their squares, yielding a total rms noise current of:

I n = _[2e(id + is )B]Y2 (7.4)

In all cases, the PMT was operated at detection levels above that of the dark current,

thus signal noise was the main contribution to overall noise. Regardless, digital low-pass

filtering of the signal and averaging of A/D readings reduced both signal noise and shot

noise in the system.

While dark current noise has minimal effects on the value of rms voltage readings, it

can effect calculations of slope when using ratios to plot calibration data. Thus, dark

current readings were taken at the start of each calibration and the rms voltage subtracted
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from eachreadingprior to ratioing. Dark currentrms voltagevaluesweretypically on

theorderof 1,000timeslessthanthesignalvoltagelevels.

7.2.3 Non-linearityof Photodetector Response

Care must be taken when using a PMT to operate the device within it's linear

response range and also to not saturate the device. Linearity of the response is a function

of incident light and supply voltage. As long as there is sufficient incident light and the

supply voltage is set to an acceptable level, the response will be linear. This was checked

prior to each calibration by reducing incident light by one half and observing if the

voltage from the PMT dropped by approximately half. This test also will show if the

device is saturated, as the signal would drop less than half. In addition, incident light can

be slightly increased to see if signal increases, indicating the device is not saturated.

7.2.4 Wavelength Overlap Between Illumination Source and Optical Filters

All optical filters allow "bleed through" of wavelengths beyond the cut-off frequency

of the filter. This could cause the PMT to detect some intensity associated with

excitation light, which has passed through the optical filter. Care must be taken to use

paints with sufficient Stokes shift to effectively filter out the excitation source intensity.

Each excitation source and fdter combination was tested by illuminating a piece of bare

aluminum and checking the photodetector signal compared to a dark reading. In all

cases, the effect of overlap was found to be negligible.

w

7.2.5 Leakage of Atmospheric Air Into the Test Stand

Since paints are sensitive to both oxygen and temperature, leakage of additional

oxygen into the test stand can affect calibration results. The effects of leakage where not

considered significant in temperature calibrations as the binders were relatively

impermeable to oxygen and a trickle flow of nitrogen was maintained through the test

stand.
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Leakage, however, becomes a significant source of error for pressure calibrations

especially since some of the paints being tested were highly sensitive under cryogenic

conditions. Thus leakage of atmospheric air ([O2]=21%) into the test chamber where

much lower oxygen concentrations are present, can produce substantial changes in paint

intensity. For example, the most sensitive PSP in this work showed a 60% change in

intensity ratio over a 0.018 PSI change in oxygen partial pressure. Simple calculations

using Dalton's Law shows that only 0.014 PSI leakage of atmospheric air into the test

chamber could produce a 10% change in emission intensity. This amount of pressure

increase is well within the measurement error of most pressure transducers and is thus

considered undetectable without the purchase of expensive equipment. In lieu of

purchasing better equipment, a simple test was conducted to observe any leakage effects.

The most sensitive paint (PtOEP/filter paper) was placed in the test rig under vacuum at

150 K. The system was sealed by closing the proper valves on the control panel, just as it

would be in a normal calibration. Paint intensity was monitored for a period of 10

minutes. The results are shown below in Figure 7.2.
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Figure 7.2: Intensity change in PtOEP/Filter Paper due to leakage
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As can be seen from the figure, paint intensity changed by 10% over the 10 minute

period, thus some leakage was assumed to exist. Using the calibration results for that

paint, the leak rate is found to be 0.0014 PSI/rain. Since data is taken with several test

gasses and the test chamber purged between each test, the time scale of interest is the

time it takes to conduct measurements with each test gas. It takes approximately 5

minutes to take data with each test gas, thus we are interested in the measurement error

due to leakage over this period of time. Assuming leak rate remains constant throughout

the 5 minute period, the error at the end of the 5 minutes is 5%. As outlined in section

5.1.6, measurements with each test gas start at vacuum and end near atmospheric

pressure. 'Since the leak rate will decrease as the pressure differential between the test

chamber and atmosphere decreases, the actual error is less.
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CHAPTER 8: CONCLUSIONS AND RECOMMENDATIONS

While the use of temperature- and pressure-sensitive paints to make surface

temperature and pressure measurements on aerodynamic models is well documented at

near standard atmospheric conditions, little work has been done to extend this application

to cryogenic wind tunnel testing. The objective of this research is to prove that extension

possible through the design and calibration of temperature- and pressure-sensitive paints

that respond under cryogenic conditions. Results indicate that extension of the

technology into cryogenic wind tunnel testing is plausible and calibrations conducted

under these conditions have been presented.

Many cryogenic temperature-sensitive paints were calibrated and found to respond in

the region of interest for cryogenic testing (-175 to -50 °C). The [Ru(trpy)2] family of

luminescent molecules was found to yield high intensity paints with excellent sensitivity

in the region of interest. Through changes in the ligand structure of the basic [Ru(trpy)2]

molecule, variations in slope and response range were obtained. The [Ru(ppd-trpy)2]

(PF6)2 molecule was found to exhibit a 33% increase in response slope over the basic

[Ru(trpy)2] molecule and responded over approximately the same temperature range.

The response of this molecule was very similar to the response of [Ru(trpy)(VH-

127)](PF6)2 (commonly considered the best response in this temperature region), but the

[Ru(ppd-trpy)2](PF6)2 molecule is much simpler and cheaper to synthesize. While the

effects of the polymer binder were not a focus, they were outlined and illustrated.

While many pressure-sensitive paint formulations were tested under cryogenic

conditions, only a few responded with reasonable sensitivity and resolution under the

limited oxygen concentrations found in a cryogenic wind tunnel. These paints produced

good data at 150 K, but no good responses were observed at 100 K. The paints that did

respond well included the anodized paint layers and paints using TLC plate or filter paper

as the binder. The anodized and TLC paints showed a 20-40% intensity change over the

region of interest while the filter paper paints showed the same magnitude of change with

the exception of PtTFPP/filter paper and PtOEP/filter paper which exhibited a 60%
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intensity change. Although efforts were made to minimize the amount of polymer, none

of the paints containing any type of polymer in the binder exhibited sensitivity under

cryogenic conditions. However, porous polyethylene, tape cast, and RTV/silica gel

paints were found to be good candidates for PSP's that operate in the temperature regions

encountered during in-flight PSP measurements and should be considered for use in flight

tests.

It is recommended that further investigation of porous surfaces be undertaken in an

effort to understand the phenomena observed in PSP response at 100 K and also to

expand binder choices beyond the limited options found in this research. Experiments to

determine the nature of the 100 K response should also be conducted in an effort to

explain and understand the origin of this behavior.
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APPENDIX A: TEMPERATURE CALIBRATION DATA

This appendix is a compilation of the temperature-sensitive paint calibration data

produced during the course of this research. This appendix contains two tables and 26

figures. Table A.1 contains information concerning the formulation of the paint mixtures

that were calibrated for this research. It should be noted that the amount of solvent used

to dissolve the luminescent compound prior to mixing with the polymer binder is not

critical. Only enough solvent to fully dissolve the compound is required. The solvent

then evaporates into the atmosphere as the paint dries after application. Also, some

compounds dissolved directly into the binder and no solvent was required. The choice of

a base coat was dictated by two factors, adhesiveness of the binder to the metal and

optical requirements. White base coats were used in order to allow more emitted light to

be reflected back to the collection optics. Trial and error determined if a particular binder

would better adhere to certain base coats. Table A.2 shows the excitation light and filters

used in each calibration. Choice of excitation wavelength and filtration was dependent

on the excitation and emission spectrum of each luminescent molecule and also on

required excitation intensity. Figures A.1-A.26 show the results of each calibration. The

top plot is intensity ratio versus temperature and the bottom plot is the Arrhenius form of

the results. In all cases, the reference conditions were taken at -150 °C. A line

representing the results of a linear regression over the useful range of sensitivity for each

paint is shown on each intensity ratio plot.
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Table A.2: TSP Calibration Settings

Paint

(<compound> In <binder>)

iCu(ph2-phen)2](PF6)2 in GP-197

PtPFPP in CC

PtPFPP in Polyurethane

[Rh(bzq)2Cl]2 in CC

[Rh(bzq)2(phen)](PF6) in CC

[Ru0aipy)3](DS)2 in CC

[Ru(bipy)3](TFPB)2 in CC

[Ru(ph2-phen)3](DS)2 in CC

[Ru(trpy)] in CC

[Ru(trpy)(4'-C6Fs-trpy)l(NO3)2 in CC

[Ru(trpy)(4'-Cl-trpy)](Cl2) in CC

[Ru(trpy)(4'-NC-trpy)](NO3)2 in CC

[Ru(phtrpy)(Cltrpy)](NO3)2 in CC

[Ru(trpy)(4'-TfO-trpy)l(NO3)2 in CC

Excitation

[Ru(trpy)(phtrpy)l(PF6)2 in GP-197

Wavelength

(nm)

488

488

488

UV lamp

UV lamp

Power

(w)

0.005

0.005

476 0.05

488 0.13

488 0.18

488

488

488

488

[Ru(trpy)(MeStrpy)l(NO3)2 in CC

[Ru(trpy2)(NO20ahtrpy)](PF6) in CC 488
488

[Ru(trpy)(phtrpy)](PF6)2 in CC

[Ru(trpy)(ppd-trpy)](TFPB)2 in CC

0.12

0.005

0.005

0.005

488 0.005

488 0.005

488 0.005

488

488

488[Ru(trpy)(phyphen)](TFPB)2 in CC

[Ru(trpy)(SO2Me-trpy)](PF6)2 in CC

[Ru(trpy)2](DS)2 in CC

[Ru(trpy2)](TFPB)2 in CC

[Ru(ppd-trpy)2](TFPB)2 in CC

[Os(trpy)2](PF6)2 in CC

[Ru(trpy)(Vh127)](PF6)2 in GP-197

488

488

488

0.005

0.005

0.005

0.005

0.005

488 0.005

632 0.01

488 0.005

Optical Filter

Cut-off

Type
(am)

12 550

12 6OO

LP 600

LP 450

LP 450

LP 550

LP 550

LP 550

LP 550

LP 550

LP 550

LP 550

LP 550

LP 550

LP 550

LP 550

LP 550

LP 550

LP 550

LP 550

LP 550

LP 550

LP 550

LP 550

LP 700

LP 550
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APPENDIX B: ADDITIONAL PRESSURE CALIBRATION DATA

This appendix is a compilation of cryogenic pressure-sensitive paint calibration data.

Data is presented in Stem-Volmer form. In all room temperature cases, reference

conditions are taken at a static pressure of 14.7 psi with air as the test gas. All cryogenic

data is normalized to reference conditions at 02 partial pressure of 14.0 Pa.
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Figure B.I: Stem-Volmer for [Ru(ph2-phen)3] on Anodized Aluminum - 25 °C
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ABSTRACT

Cu ansh Corey T. Ph.D., Purdue University, December, 1998.

Synthetic and Geometric Perturbations of the Excited States of Metal-Polypyridine

Systems. Major Professor: David R. McMillin.

This work encompasses three chapters investigating modifications to the excited

states ofruthenium(II) and copper(I) polypyfidine systems. The main emphasis is on

understanding what changes occur when the polypyridine ligands surrounding the metal

center are modified. The synthetic modifications are those done in order to create new

ligands with specialized steric and electronic characteristics. The geometric

modifications refer to environmental changes placed on the coordination complex. The

photophysical properties that are a result of the changes are studied, characterized, and

discussed in order to better understand the governing factors ofthe excited states.

Chapter 1 focuses on electronic modifications of ruthenium(H) bis-terpyridine.

The new compounds are then employed as luminescent molecular temperature sensors.

The research was done in conjunction with Dr. John Sullivan of the Aerospace

Engineering Department at Purdue University and the sensors were evaluated in a

cryogenic wind tunnel at the National Aerospace Laboratory in Japan. This project has

lead to the development of luminescent sensors that are effective at sensing shock waves

at cryogenic temperatures. This is the first time a shock wave has been visualized at

cryogenic temperatures. This method of detection is an improvement over existing

methods as it is cheaper, easier, and gives a complete map of the wind tunnel model.

The second and third chapters deal with copper(I) bis-phenanthroline complexes.

In chapter 2, synthetic modifications to some phenanthroline ligands lead to new

complexes that resist quenching by Lewis bases. The third chapter studies the
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photophysics of the copper complexes in the solid state. In this chapter, the solid state

geometry, dictated by the crystal structure, is shown to have a dramatic effect on the

photochemistry of the copper compounds. Also in this chapter is the first reported

emission from a copper phenanthroline, with no substituent in the 2,9 positions.

w
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Luminescence :Prope_es of Salts of the [Pt(trpy)CI]- and ['Pt(trpy)(MeCN)]:"

Chromophor_: Crystal Structure of [Pt(trpy)(MeCN)](SbF6):

Riaan BiJchner, Job= $. Field,= and Raymond J. Haines

Depa.rm_cm of Che=:s=7. Umve-:'sity of Nau_I. Privaz¢ Bag X01. Pie'erman_u:g. South A._£ca ,"209

Core}" T. Canningham md David R. Me_M_lin":

Dep. aren.t of C:hc:mswy. I:-93 Browo Building, Purdue Uaive:_i_,

Wesz L.day¢.'_. Indiana 4"7907-1393

Renewed Aufu_: 30. 199_

The _-ysr.xl smoker= of [lhtu,-;y)(MeCN)}fSbF_., wh_.. _..y _aocr._ 2.2":6'_'"- .m-::_. a___t,shows chat '._ plenum

comptex pacm as a monom=.-: however, the _.':-.,-" emzss,on of me solid oc.-u.'_ a_s_-;.nsmgiy long wavel=nFJ_s

at roe,,, _mp_-amre. At low_'. ,_--=p_-amrrs new. shor_:.waveP-,g_h maxzz'naa.:_'_--.,'.Of the koowo sales _qch

the cnmposmnn ['P:(='py)C']]A. -_c A --'--SbF_- system is the lone -,.sample _ e-.x_blu t m.'u._e.'a_re-md¢oendent

e:'mssion ma,mmu_ _ these piatmam('_) tm'pyndiaea, energy, tnigranon to cief..-:_ or ,,_ap sites is one o_ the

phenomena re_onsibie for the _moerarm'e d epcuacnc= o_ =_e solid-_cat.-" e.'mss_on _e.-:'. L_. If .":',,p e--'ssio.', is

=vide'_L the ]ow-h..:_pe:'_n,Lre spe..,,'-"__ axe ran= l'_,-res==L_Ive of t-"_cbul.k ,._,_,._;.

Introduction

L"-.:=mescen'.. squzre-pia_zr complexes of" P.f_l con!.amiog

n_a'- _d.L_ne liga_as have .'"m_mg s.oe:,-oscop,: and pho_o-
phys_cai prope:'ues.: _ a mooomenc envu-onmen.., such as m

a dilum glass soiuuo-- _e =ompi=xes .'nay ex,_.ibzt____zsszon5ore

in:,,ii_and: ('F_). :net.aJ-co-Egand-ch_e-_-a=.sfe_ fN_CT), or
Ligzncl.field_ fr_=) st.at_s. Be=ause thee st.as._ a_. of similar

en-'--'_.'. _e _lanve ora='mg is seusmve to fee:ors su_ az li.r,m_d
field m'cn_.h, diJ.mme substav-en_, and the aamz'e of the

coliT_nds. In the solid r,,aw., P.-Pt or .'_--z Lme._Jons

c_n.romophores o_",en have a ra'ong u-_luence on _¢ em.ission.

_ra'e= ide,,a.[i-._*dsolid-r,a_ so'uc_re types oe='.',-. monomenc

s='_cnu":s in wh_c,h the P_-_ distances are all tn".-_ than 4..5

_: _inear-C_tn Sr'_¢:ure$ m w_ch the Pt('_) complexos are

smoked equidism.n0y (P_-PI separations oz" 3 "_-3.4 _,) along

ama,r_s_ar is usual]),, butno_always. _-,T,c=cLic.alar to the pbme

of ',.hecomplex: and d/r/urr sa'uco_msin which cl_ _ c¢_ple=cs
s¢._:_m into p_u-s) Compo_mds wlth monom_.-nc

display lun_nes.=--_c: propczla_ _ to _ose obs_'ve.,d i_

•lum solutions. Oa the och_. h_ncL chase with line,ar-c_i_

sn_=_.._ D'pica.Uy e_hibu ..,_('r ) -- do" emLs.sio_s_ me:ai-

m'ec_i-to-figand-c.harge.c-aa.dcr (MMI.,CT) exc_te,_ r --'¢'Vv3th

these systems, the e.mLssion uac_ocs a ,':oaz'-a_-,.,_c red sh_
• , low=_ umapc_-atuz-=s due to a de.."-=ase in the mean I_-P_

spac_g? Compouods with dim=- s_ruc"azr=s also typic:ally
cx_bi: _MZ.C'T emissions, but less i_rormafioo is available

about the _mpe='ar,,=re<kpe_d_t prope_ea. Howcv_. o_c

' E-mail: mcm/,llin@purc_m.=_ Fzx: 065) 494-0"_9.
• A_ publLsh=dm Adt.eac¢ ACS Abnr_ccr. Auln.m l& 199'7.

[I) Hou_in$. V. I'L; Mixkowski. V. M. Cooed. Chem. Rtt_ LegL IH.

f2.) Mi_Im,_ski. V. M.: Heralding.V. H. leon. _ 1_. 2S, 15'29--
1_33. MLskowskL V. hi.; He_Idmg. V. H. l_,"g. C._'_ 1_)1. 30.
4446-_tSZ

1_3. J2. Z51|-_.524.
(_) _icdcm_mn. J.: WallfaAn_. M.: Glierazan, G. J. L_m_ Ig_'7. J')'.

3_-329. Seh,,xrz. R-: L.indnr:.M.; G_i=mar,n. G. Be&Bwue,-C_ra
P_T_-C_k-_ 198'7. 91. 1233-12.T7.

S=_iy _po.-,e._ that ",he.'_xiss_omfro-- a s_i_ of iigand-_dge.d

_c'_ biue-shi_ when the "=pe.-z,"'-'e d:'o.os _om a.mbiem to
7'7 K:

By and large. P_CII_ complexes oz. :h- mdeoc,'v.= 2-.":5""'-

t_--_yn_.r.e [=gY) liga.od oossessl_',_,:nesc.,-_c: ?rop_'_es much
Rk¢ ",aoseof _hecoreespondiogc.:'-_i_e complexes. Far

example. Yip e: el. have .-'--pon_ t;%-.=mp=na¢sof ch¢ ['_-{=gY}"

CI]C-d:.SG:s_h _ room -'moe,'-ac_.--._ w¢_.lasT7 K. and the)'

fou._d u_a_ the cn'asston w.ax_mu:_ r¢c_-s_z_ced at ",,he low_

--mp-_atu;:. s More re=_dy. Ba.ilcy ¢: al. :x-,_maed the Fnoto-

physi_ .=ro.oe_es of a s=,'_esoz"salts:oncam.mg ',he [Tht_--py)-

CI]" ran,e.",'.: They assLrncd the iou-_em.-Je.-amr¢ soiid-r,_u=

luminescence of these salts m _.)vi_fl.CTstates,and the}"

conciud:., thaz the emission e.aer_: vaned w_th the count--nan
(C"IO,-. _'. C?._SO_'. or PF_'} _e,_aseof d_="_ces in the

P,-P; and .-.-:r ia_ons in _h¢ i_U_. v Con_."_..,'ym the

results o_"Yip rc al. howev_, for all ¢xce_ the red perc_crra_
sell B_Lley et al.reported _ the emission ore'rowed nod

exl_bi[ecl a blue sh_ with a _.,a.s¢ m t=_p=-atm'_.

The present report deals with me --_ _ependenc_ of

the emissioos from l'_0zpy)C2]SbF_ nod [T_ _'py)C_]C:F._SO; in
the solids'mm as well as the ='yr,a] s_acmre and en:_ssion •

.s_ca-ttmof [Pt(_'py)('M=CN)](SbFd.,.The _¢_om=ile addac_

exEmu a triple: emission (_IL lUmmtage) from me solid., bm

the "_D' varies with _mper-arm_ de= to the parci_paaon of
venous u-ap c_u=-s.

Experimenud5e_on

M,ste.rists a=d Syacbe_s. The pun_ ofallrc_t lu'ad¢ mau_zls

6"_'-u='p_ridin¢ (w!_') _ obmncd from Swan C::_mic_s. wbi)¢
eu: s_lu AgSI_, and AgC2=_O_ _ from Flu'ka AG. Sue-'eas_

f'ram_naddis_,l_Oa$ over sodium ocumolz__nd s_lhmc L-"id

(5) B_i]_'. J. A.: Mu,kow-_k.LV. M.: Gray.H. B. lao_. Che_ 1993.32.
369-370.

(6) Yip. H. F_ C_lmf. L F_ C_'anl. X. K.; (_ C M.J._em. $oe_
DaUon Tnutt 1993. 2933-293L

('7) B_i|_.. J. A..;HilL M. G.; Manh. B. _ Miskowsk,t. V. NL: $ctuu:fef.
W. p.; Gt_y. It. B. I_rg. C._e_t1995. J./. 4591-4599.



XX

L'-'_._.=sc=:c=.._....-_ of _ C.'¢omopho_s

to .':un[y :¢:comml¢. buc,ln_.va__.j;tr-dd¢solventssu:'_c:a.,in_ od_"
¢:_¢3

[_IU"py)C_]A fA ==5bFc. or CF_O)'}..'_..= :'m:.%"_on
wtcn:he :.ddiueno(:n e_utmolat ¢moum or.AgA _0.I;.6 | for A =
$bF,'. 0.1C'g| :'orA m C"_;$O1";0.'24 mmoL_ '.n MeCN ($-7 ¢m;)

to _ sus_':umn or"PJPhC'_:C_ (0.Z00 i. 0.'=" ,.--.roodtn Mc'CN(IS
¢._.'L .,_r=ra I. b P...qBx:m(I a ,;/_".J2ons_p. :=.."::c@.¢=ddidon o( ;
.cqec.'.:----._o(_ "*:5"_"<erpvncline _0.;0,_Jr.0.'_'.• .--.,,moilaadano_¢'
I.c .h .,'_lux. A secood _l_'JrJon _._.ove= =._y :_dhmnaJ At_
p.r-_.:oigmp¢_r '.o c/mremoval of solvent. _..n._ly..--¢-.--.'_entwil_ I_m
Me...."Ne,'mvided(or d_ exu'_on o( me [P'_....v,C;A sail Slow
¢ootin| of _'m MeC_ soluuon n_.,'_-d in me :_re.:.:m_uonof a

.m.al¢-ai. Wmmnl r_ Im_ht orang; SbFc salt w_t.-_-'=c.oneeff'_-'_d
: ==mr¢._n_ 1= Mllh[ vei/ow buc did not _/tot t,'_e¢o,or Or._J_
s_u Yic_¢ 70-i10_. AnaL C'.Ic: (forA = SbF.-): C. _.75:
I_S: N'.5.00. Foun¢ C. _..._c.$8..:..[.[.67: N. &0_. C":d (for A

7.":. LR.tg_. ,-'m."'l: tamo.v) 1606s. 1480m. ;-'.C6s. ;'--'_-p.. le.COm.

l._l.','n,.103_ra..'73s: _$bFc;: 656s: (v_C:.-:5@,-;): 1:56¢ lI.<gs.
IO?Os.

['P'-IrrpYJ(MeC2_I_SbF,):.A va_or..e._u-.c::on:=oa.-.:_ _UI
L'le :onunuouscx_."J_on or"sofid ',P.ftrov_..;iSbF_ _0.200_. 0"118
mmoi) imon:duxlnl _c_tommle conc_inin_=nexc-'ss oi .._tSbFi(0--"9I
_l.0.3.:8 mmoi). When all _e [P._..v_C']$bF_ a-: _issolved later

:_. _ h_ _na _.hcsolur,oa h_ ¢Ooiea to room :,',,--.-..er'.:'.:._.t_lmmon

' _"_-YC, ISbF.oc¢';rm,J_ me vOmme_. An:r :iic-_on. ,'_'_er

-.t.:o ....... :. :o c._,eCeooskon orI _he _$t_ :ma"¢- The r'mai
)ur:.t]c::',on$_S'SmvolvP._.: w_h Wl_l -e-:.one ¢.':C_Jet.',vl ¢'J1er
:.',e._ =._osun: ;o ;I v',_"Jum. Alter _i$$otuuon :._ _.';om_I|¢. rk,."
_.'s_l_=uon of [PJmp.v_MeC_/i(SbF._. _ li_hi-ye:lowoiocic-_-.d
c:'vs'_*,so_'.jn'_,..._ _._¢solvent cv_.oo_tecL "fleie'" -'5%, Aa_.
C..u¢:: C. : !.70: H. IJOe N. 1.95..-"oun¢i: C. :: .6 i : H. i.,_9: N. $.93.
:R K3r. _,"m"): _C_NI _-_'-.m. "',0_w: _u--:v_ I6lls. L57_n.

l-¢10m,l._I0w,laSgm. ;d,5._s,l._08m.!2""..':I.l:__Om.:036m._s:
_5_F,': 6J6s.

Me_ods. For lumine_c_¢e .'he=SuP.inCheSof soiuuons,a seals of

(-r_-::-_mp-,..'mw _.._:1_ serve_ _o ,'emove aisso_ved _ioxylea.
Donne _e $_'-':dy.sc_c ¢musion scu_es :rod_e Iife:ime ¢xpenmen_.
a _ am Ions.wsvc.ga.ss ,qh_.pmte._:.-,d_ile de:e:tor from
light. Foe :,_e li_'dm,, s_ics. 61er_ w_ a 337 am ao_:a :ii_J' b¢='wecn
_n¢ so.topic=_d me Laser. [n _ course o_"".hevaz_,oie._b_r,.D._
_cuaies._ sarap_¢s_umlibr=_cl_ Ie=scI h ;Lr_=r'.'lesensorn_..h_

• e desued temoer_ure. A to.and=telme'hod oi :J',aJystsyielded me
li/¢'Jmes irom _e emL_io-n._¢c=v dam as before:

Instrameataaon. A Shirnadz_ _--3_ s_'=.-'opholorr, e_r F_-
,,i¢e¢ infi-_ed slx'J'J'ao( sampl_ in K_r disks, a_d a P_-EIm_

"l._no_a_C :_d a H_ulect P:.cka,-d8=$L-Xdiode.u-.or slx.._mag_mm.
eU:r _m_ded I_i _mor_anc_ dam. An SL.M -_nmco SPF-._CO
insa'_mentyield_o me end_oe n_uiu, and a pre',_ouslydmcnbed
•PP_ pmvKl_ me Uf¢_r_,_dam. exert _a: me -..xc_m_,oa
was a _ Scicm¢=. Inc. Moc_l 33"/1_S mm_j¢.q las_. For
vanable-cem_,-._re _ion .me._sur_em._. die cryosmswas an
Oxfo_ L'_mmen_ Model DNIY04 liqmd-ni_o_en..cooled sysmm
comple,,,_h an Oxford [m_ur_n_ _.mpeJ'_u_ conmolk:_.For [be
T7 K dau_ _hesampl,- holder was a q_rc= fingor d=wu _ wi,N
liqued ni_$en. The diffra."mmemrwas an E/lla"d_--,Nonit/JI CJLD4.

Crt's_ SmummreDe_rmmdo,. T_ec=_=d ot'(P_¢_yxMc_'_b
(SbF,,_._ toefile diffr"_'fion study was a needy cul_.srmpedbkx:k
wire dim_io_s 0.12 x 0.l._ x 0.12 mm. Toe m--O _ _x_hod hi

con_un_on _m monor.hroma_d Mo ICe, r".diauon yielded =9]
dim¢_m_ _nd diHr_-Qon iote_iU_, A mlaJOf_.._ mdecnoas vdas 6
< 6/ < i2" smfic=dfor ck'Im':n_n| call dimensions. The cL_a out m

29 = 46" (a m_l of 3708 mfl¢_ionsj showedmonoclimc
andex_bi_.d _ abs=nc_ c._a..'_-.en._cof _ spag_lpx)upPZ.J¢
I 14}. OF_e "708 unique mtIJ'e_.ions,d1¢n:were 1988 wim I > 30(/)

iS) L_u.F.:Cuemm|n:un. IC.L: Upturns.W.: F'mv..G. W.: _. j.:
McMilllin. O. R. Ino_. CAem. 1995.34. 2015-201.e.

rg) Cunmn_'ham._ L; Hm:km-.C. L: .'dc.'vlilfin.O. R. I,_,n,,,T._
l.u_h%;g_. I.I,S-147.

lac'=-:_c C;_mun.7. VoL 36..Vo. /J. 1997 3953

Table 1. C.-y.s_ P'---me:e= -, .'9.¢g for t'P_:.-_y,MeC._lfSbF_b.

em=mc_J fon'nuia C,,H,,F_:N,P.Sb:
f_ 9_.39

tem._.'C ""
a. A 13.7fL¢(61
b....i, IZJ2_-_
¢..'k 14_071-'1

Z _.
V..._ :,_2,%0(16_
_... i cm-_ .,_$
_. A 0.710 7.3
a. c':n" S4.IS
a",qsmcoeH 0.673 -.3.998
R _; > ._mA)" 0.0.t3 _or 1988mflcm
R." 0.050 for t98S r=rlc:u

4R = "¢',,-, _-,'_,F.' - IF.;;t_r_r_F.

r.b:rwe:'¢usePdlfor ".hesoiu,on _ r_.':.nc:'nento( "J'mRrucmr_. The
soluuon o! :._¢:P¢_'_,_J:on :'unc::on._.ve :._e !oc",ion or.me P[ _ Sb
_orns. ¢."__.'.e:'=..-mmm_non-;"[.=oresa=o_..._ in -"_'Y_m_ Fourier"
maopnase_on me heavy. ".corns.The _ .=on_ _pe=mcl in ¢_c_ia_-_

;_osmons.."or '._e _ur'Jo_s of .'efine..-.en_..q z_om$,exc_'_ _he 14
=toms. w.¢r::,ssi_ned_nisou.o0rc :_moe_._ =_-.me:e."s. "rh=_finc-

mcnt :uiiz. -'_ :he Full-macn._::ast-_u=.,-,j ..---"..'.0¢:.':_,-'he"_.'¢t_n_
scheme ,, = ;l[o_r_ -- 0.00550F!.T:,ble I leavesa _ummar_."o_ me
¢':'ys_lJ:_a'-":l,e,.e,'s,=nClomer de,'slis or" _:ne._.'inemenL

R_ulU

"me cc.'cmachusea :'or-he syntheszsor":,hechloro<on_n.mz

denvaczves [P..(_'-_.yJCi]A (A = SbFC. C_-SO,') w_ di_e.":_

firom m= ;._pioyed by Yio e: =[._ or =l-_,iey¢c ale in that _¢
aeucrai ccm_ocad ._t.PhC.X,_:_,, ._-'.er -_,:a :no ionic soec:es

[_I_y,CIC:. se_ed :,s u_.¢sh_Jng .T_e.-:'.i. Ta_. a_-._enc
or"the :e'.:cnzmie :_mpiex with ! _uv ot '.he_omon-,,. sdver

;a_t in .'_.'lu_ng _c::orumic. _oLlowed by addition' of a ._lighc

cxc,_s of :e_yndin¢.=_o_:-d an anai?_c_ly pu_e produc:

worx-.,p =d _.':'/scaLliz_uon,',-oreaczcon_m.;e,[nm."_on_y. the

ShF_" sailse.=arat_:,"tom"-c:.'ommie:s brightorang-...'_ys,caJs

ch_z¢onver.::1 :o yellow c:ysca.[sovc :__nod of -', [0 m,n

._J'[e."the ."=.'_ovoJof r._¢ _omer _qaor. An insr.=.o_r._.eous

conve:'sion from the me=_rabl¢ or-..=ge modific:don ro

yellow form oc:".ned wirJ1 :._ _=:one wash. For the s.v_,besis

of the ace:oni_lesaJt['P,Ju'py)(MeC.N')l(SbF_,h. []_1¢'_'.F-'_I-

SbF_,w_ the s=."angmamn:d. Tw._'_.J of a boiling solmion

o( the liner with 2 equ:v of AgSbF_ I_ to the fonm, oon of the

clesiz'edr"roduc'.-',long with Ag'C1 :rod _mn_m.ed [P_I_y)Cl]-

(SbF,0: :he LaRer selec:ively pre_picated from a cooled =c'_o-

rUn'de$oluuon. a.llowuag the isolationof ['P_.mp_){MeC:_]-

(SbF_):-asllg/Ityellow block.sha!:_-d _sr_s. _e solid-.xa_

ia_az'_l st_c'a-am, me.asm_ in a K_r di_k. exhibited two ocags

in the C-N s=_'.chmg re&ion _t_30 _d 2302 cm-'.'=_h

_wtbuz=ble to _ MeC'N liga_d. A sim.ilar C-N m_-¢h/_g

_aa_:n I',as k'_ observed for Pt_McC',OzCI_. 'o .4jt_mFs

to svmJ_size the BF_" and C'F_SO_- saRs of ['P_trpyXMeC_13]_
from [PRepy)CI]A fA = C_O)-. BFa') wen= ur,sutt'-Js_L

l_'gelyb_c:usc ofthe dL_cuJtics ia¢'armd in the s¢1r_J_oa of

mn s=rnn_ _ &ore _he dmired i_duc_

Crystal$maca.tre of [P_JWpyR'MeC'_J(SbF, h. The stoic-

shows _ dm platinum _dopu a planar ¢ootdin_on
_.omeey: see. Rgwe 1 for a pcmp_/ve view of d_e ,-,_o_*
The posinonai a_d thermal parameters as wellas the c=JceJazed

inmracom_cdis-,:,nccs and _glm for _'py)(M_'CN_](S'oF_):
appear m Tables 2 and 3. The maximum "deviation t_'om the

I IOI R_:.'mn.F. D.: Melanson.R.: Howan1.L,oclLH. E.; I.u_k.C. J. L.;
T_,'ncr.G. C,m. J. C_e_ 19S4._2._K:d_-S69.
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F'_r_ 1. Th_ moic_-'ia: _mme:r._.. _nc atorn-numc.'-nngschem:
.em.:ioy="for me ['Ptt,:-_yK.Mc'=_]:- :au_. Atom dcs_.amrs an: 50_
pmoa::h.'5'e!tipso_e'sexc='._ for _ose G:"t.'_eH atoms, wntc_ _
sone_s of arom-aryrz,'ms.

Tabie "- Posmonal_x IC'_ and _"ne'n_; Pa._ L'X: x lO3) for
[_ ..'::_:'JtMeCN.)!iSbF, s:

2;C,--., • y ." U_'

P. :3.c_ 2! !6f!, aO00 "2
N! 2983t9_ !1.'_[2: 3051|tl0_ 50(3j
N2 235_t9J :'"69r ! !, 3.262f9j a3(3_

N3 !939(:C; 3,_3/10, -t678(1 t) ._3(a;
N-' 1906G0_ 929f15, -'751tI0_ 5_,

C: 30g3fl._ 106(16, 3024/i-'_ 65(57
C: 2_,67t1T_ --a30(1% _30t16' ILS(T)
C3 3_57t|3_ 1_7fI9_ 1709(1_) 69_6;
C_ 3892_'Ig_ [321tlT_ 1736()-'_ 66(5_
C._ :.3g4tl : _ 1771f1._ ) 2439(13 _ 52¢-"_
C._ ._37.2.".:: 2963(I6, Z.._6(I:_ 53t_
C'Y 3693(1_ 3"793('-.__ 20a,._t|-"_ 8-._'7_
Ci ._5_9¢1% a8_2C2!) "-?95tIS_ $1_)
C._ 3062t 15_ 5091t16) 3004t!:_ 65(5,
C:O 271_L2_ g27_16_ 3507t11) 55f5)
C:[ 2163(11) a36"Ttl.% -:305(I:) "-_u."_
C:: 1889f1_ ._7.11(]6, _t_8_17; 73(6_
C ',." 1376(i._) 'c363{18_ ¢390(17) T6(6)
C'._ I [5,tt)-_ 4372_:') 575._¢lo $6_._
C:5 la-t6¢12_ ._13(16_ 54196137 56{5._
C!6 165._(t2) • 251(!_) $164¢13) 57t5)
C:7 131_1-_$ --673([5) 5700(137 71(5)
Sbl -'2_1_ -279_1) 166t1) 5g
FI 3589(1) -a063(1 ) 150(1 ) 133t5)
F2 _25_1_ --3.e.61|( l; -188(1} 216(10;
F'2 3T'u.t l) -_67¢1_ -lO32(ll 19B(9_
F_ 4897(1) -1521t1) 195(1) 23_10)
F_ 319T(ll -2110(1) 526(I) 188(9_
F6 a'_40(I) -3013(1; 1371(1) I._9(7)
Sb2 350(1) 6991(1) ,-767(I) 65
F7 -13(11 6484(I) 6607(l) "l(ll)
k"g 1549(I) 7322(1) 7490{ 1) 1_(6)
F9 -95(1l 8317(1) 7,_tl) _2(11)
F!0 701(1) 7489(1) g937(I) la..q6)
FI I -_56(]) 6657(1) 8052fi) t49(6)
FI2 785(1) 5661(1} 8l,t_l) 186($)

mea_ ;_lane through the P, and fou,- boacl_l N atoms is 0.012

A for the metal atom. As a conseque-ace of the gemuemc

cons_'dau imposed by the _ liga.n, a the angles _b_ at
the P, atom deviate from the id=aliz._l value_ of 90 a_d 180":

the rel:vaat angles are 81.8(6) (N1-P,-N2L 162..5(6) (NI-
Pt-N3L 98..3(6) (HI--P_-N4), 80.8C6) (N2-!_-N3}. 1793-

(5) _2-I_-N_). and 99.1(6) ° _'3-t_-N4). The Pt-N

dish, c-, ar_ al.m typtcal of m_.al--t_yridiue =mp|e,x_J "_'"'_:

in thai _¢ dlst,xa_ to the inn= N atom (Pt-N __ L.935(13) ,_)

(11) AXiaL NL: Un'_o=rfi. Y.; &_al_. Y. C__m. Lea. 199S, 607--608.

Bcic._m_- =_ _1.

.----- ",.,.

,_ ..,%" ..., "" "" v

F_u_ 1 l_r2t2agalia!rata lop [.P:t_;_y_M¢Cq)lCSbF, h.

Table 3. Sel==te= Im_:-ammic Dtr_ (_;and A.'_gies (deg; for
f._.t=-_.KMeCN_ltSbF,_

I_-NI 2.0-'7(1"_ P.-N2 !.938t13_
_-N3 " 0!3(13) _-N_ '-o9¢( I_-)
N I-CI I-3_2} N I-C__ l.:.._.)
N2--.C5 I_(2) N2-C! 0 I_ I t2 _.
N._-C 11 l J6t2) N3 -C I,_ 1-'-5(2)
N,_-CI6 1.08('2) C; -,----- 1.'-:0(3)
C2-C_.. 1..32t3) C:.-,:- t.,_St3)
C:-C_ !29¢3_ C._-C5 !.aSt._)
C5-C7 129¢3) C':-Cg 138t31
C_-C x) 1._3t'2 _ C9.-C20 1.37t3)
C:0-CI I l+gT(l) C:!-C: 2 i.:-,tt:}
C:'.-C!_ !.37(_) C:_-C;-" 1.38f3l

Cl--CI." i_6(3_ C:_-CIT !-r2fl)

Antics
NI-._-N2 $1.8t6") N!-._,-N3 162._(6)
N!--_-N-I 9g.3t6) N:-_-N3 80.$_'6)
N2-P,-N_ 179_3($) N."- P.- N_' 99.1t6)
_.-N I-C: :25.6t I-_) P.-N1 -C__ 112.0(12)
._.-N2-C5 ! 16.6t lZ_ ._.-N:-C:0 118.L(12)
_.-N3-Ci I 115.0(111 ._.- N:--C2_ 125__t12_
.°'.-N4-CI 6 179(2} N._-.:;6-C'7 1,7";(2)

m_.LS=mfly s_.cr...-- _ those co =e .'wo out:.- N =ores ,C_.-

Ni./04"/(lg) .:-,; _-N_.. 2.01_(:3) .-xL Toe -'xTy_iga._d is only

siigndy ,mffleL me mean pia_es of _:= out:: pyndi,: :'rags

defining angi-sof 2.1 (NI nng) _d 22" (N._ n_g; with t_atof
th,'_ntral._a_n," :'rag."in-P'.-Nz d/r,anc- ts2.996(I#)A.

"1_s valueisstr",fla:to th,.P'.-N _,_ofMeCN_ -dls_anc_sof

1.977 aad 1.981 .-;, for P.tMeCN):C.: :°md i.9:C) A for ['P_-

(phbpy)(MeCN}]PFe C'dphbpy = 6-paenyl.i_'-b:p.vridine). :-_

The ¢_y.staJ larace _astsu of p_r_let sheeu of cataons md

a_ions: Fig_'e : g_ves a view of h_ ;_aci_g :azallel to t_cse
so=is. Within a sheet, the i'l_,(u'py)CMeCN)] -'= and SbF+-

moieties resit_ m alt=naung rows of _ons and amons which

extend along the b a,x,ts. Sine: the ;hr,m" c_Uo_ tle side-by-

_d=, _ are oo .-.--._ or metaJ--m 'e:al ia_o_ along a row

ofcanons. A c-glideplane relat_ sue-"_SiVesh_u s"rh
a row of anions liesdb_'Jy above a mw of -",,nons.Thus.

m no exte.nd._ _ons mvoiviag eadons ina dir=_oo

.per_adicalat m the shee_ _th_. Specffic.a.Uy,the Pt-Pt
_'taatms be_..a aeighbormg e-_ons _'om atijac:nt _h_ are
fll _ than _.90 _ Similarly. the inm'mole_'-lar C(u'py)-

C_mpy) distaraces are all _ than 3_ /k and close to the
upper limit of 3.S]_for.-r ammmc in=_caons." We cnnc.tud=

thattl_ [Pt{tr_y)(MeC_r)|2° r-._'omophomresides in a mono-

tone _virom_eat ia the SbF+" salt and the, fltis is •

coos=_=ac= of me catioa:aninn :"_noof I_ Such a conclusion
tcquirm funh= v=Lfir._tiom howeve:, since this is the

(121 J_me_e. K. W.: Gill. J. T.; Sa_ow)r._J. A_ L/pp_'d. S. J. ,t. A_-
CAt,re. $_c. 19"_. 98. 6159--6168.

(131 C,mucable. E C_ H_ny, g. P. G- L_"s_.T. A.: Tocb¢_,D. A. 2,.
Chem. $o¢.. Chem. Commun. 1990.._13-515.

(l,V) E-mybm_.D. P.: Robins.J. L.: R_vrnone. K. N.: Srmu'_J. C J. Am.
Ourm. ..._= 19"7"9.101. 192-g97 "
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_llure 3. Solid-slite emulsion s=_c._'_.,_of [P'_-"_-y)l:4=',._l{SbFsh
,.-e:m_ at _0 K mtc._.lts ove_ a_c t-__sic 30-:$0 :<. ,-he ..-m.litton

wv.e:en_._ _Ls 3..i0 ,%m.

_oe.e,= c_.tstai s_.'c:'_ de'.,..-:-'.-anation of a c"_.vx..dTI salt of

lhf_ or" '.:" c=tioti:_.*aon smic:`iome=-v...

_ion It-ore ',"Ptl t_y)(2HeC30!(SbF_h. Ia :;'.c solid sta_

=: .'--'.ssion .'.-am ,..'_-,_k'nv_(M_':N)](SbF_)z -, ,'tr]ec'--'_• . ..=.,- v

"-dye :_ :'-.0 K me ..'.'.2nnc:_a_ e.'masmn ma.x_ma oc:".:r:td at

.x-_u:d .¢40 arid _7. ¢ .-,_._. _s_eC:ve!,/. and _e.-'e _ve..'e wea,_er

:---'sslo_ ..-.a_.-r.a at :-.. -95 _a ca. _6_ _,m. Fro= "...120K down

:c ::out ':0 :'C,.:;_e over-`ii| ;_te.'.s_:'7 mc:-c_e,.. _u: ::m."t w_ a

:,'.--_; ::'. :::- 5=,'::. s._::e. Ln :.'`is te_.='e..'-,.t_ :e_:me. -he bona

.'c -9. _ -..-',. evoive= ;n:o a dot_n=.'_[ s._e:--'-...i ::¢:*:e .xion!l wilde

'.'.t _._,_.¢ :t .¢_0 :'..-'. :.':¢ bor;'l ._:ma snt_e= :o so,",e'.v_.*"

S,':.C_'.'.*wavei,'._zL'_5.._.[ :._.e _,_%_._._c. ".,_.e.**:a-'*vc io_:-..$[rv

o: -re :_o at ._7._ .-..__;..-_t.._e:. :zc tt bec=--e 2 sho_de::.

-!._"!y, at =e :owes¢ ac":._lble :e._. pe._r_re, r.:..._0 _ :.he

s:_.-----, si'.=z'_.e.'.ec _..u--':e: ._a .new sao_.,.t.-- s :.=:e.=.--'_ at ._Oo,,r
,;_ C,. _ ¢ "

" . I..._'.C -¢..¢0 .'-_.. ::s.oec=veiy. --[ each :'."..:e:'_`i:'e. _=

:';_-:_-t.'orio,.[ *_'*'.:-":'.._* ".vlt._= _e e--'.'S":ICB SOeC.-"-r:'/. ,s Jon._tS_=[a_

'_.;-'. - ;.------" _r'Jtt:i _afe.':.-,_e ._:-'e,':Lqeuc=Jiy, "re ma_t ,tote

==: :,'_e a_a.,'ent e.---ss;oo mat:mum at -_65 r,m,:n me mom-

"'.'=..'c=t',._e 3oe"_'.'m of F;._---e ._ :'auJd :e._r.*s.'nc ].%'--..-"'

_---sston _rom coor_ina;ed tr'_.y _ ".veil However..t could also

_e :_': :,rr.:r"ac:.._tt:ce :;'.e st_..aJ intensmry :i'._g, es re.'-/ [irde

;.-.:s "_ave!e.-._'_'1 over :.-.: *-.".tare te_e.--,._-_ r'_.n_e ::vesagare-4

.-'. :e'/_ewer pomtec out that :eacso_cton or" :he e_-ss_on couid

_e : :"":or int!ue::c:ng k_e obser've_, ba_d mace. However.

ex:e.-.me.-.ts snowed. =hat. in _e mom-:e:=o_:_, soild-stas=

_:_ee::,t:c: spec_.,m. L''.e ]ong_: Waveie_g._ a_sc_c:oa band

w_-'l my ap._r=_..ab ¢ 'nmastty hati a maximum a: about .190

"7.. _cl a .'-.,i that ex.":'.ded _o only ca. -'50 tzm.

For com_a.nsoa. *.'e me_sur_.a ;.he e--n,¢sion t_om l:h_W'dy)-

(Me_..."_:" in a bu .tyromm]e _ass at T7 K. The soecaam of

me i'!ass yie!ded we.ll-re.soive_ vibromc :m.xmta. _a the o_s_t

of :._e spec"='_m fell at a short_, waveieat'dL For a 150 JiM

soiuaon, the =wasston _ o¢...",m-_ at 457. -'91. _e29, :rod..o
202 2m.

P_aysical Dim for the ['P_(la-py)C"lL-_ Solid& Like BaiIcy

e: _.._ we found mat fileetmssion s_c-,n:m of [_ru-py)CI]"

va_.:= markedly w_th t._e count.anon in the solid s.'_m as well

with the t=m._e. However. we o_ea observed qua.U-

_uvely diff_-ent kinda of b_havtor. T.n our studies w_th SbF_-

as :¢ countenon, the compound was yellow add ",he maxsmum

in ,'-'reuncorrt=t_i emission spec='um occarrtd at -¢52 nm.

AlL_,ou!lix _= waveleng-di maxiraiz...n or. the emission was

esse:cially indeoencL,.-.r or. ",he ccmp_ ('R..t_re _). the

inte:sit7 inc'm=sea as :.he mmpe:amre de'_a._t. The room-

temperau_e decay was not monoex_onenUal, but file emission

lic'e:l.-,.e was about 7_0 its in file r_',i of the decay car.rye. On

me o_,_e: h_ld. the decay was =_senoally monooh_lC at 97 K

=,he..'.:d : lifet:me or. acout 3 us. Al.',hougn Ba_l_'y :c aJ. smaied

xxii

/nor_ar:.x C"w.ra_.-ee "/oL 16..','o ii /997 3955

I a,o

Gt
--_: }.. ::

=l
i ":__:._..,

4G_* :,_. o_.,, • ;._
Wave.. =,.._t t,-'=. _

l

FtoIrt -'. --.-t.:ssionit)e:'---. _mm iaiiil-ilat: ._m..=Icsor".'_,'u-_y_..l.

$_F_ 11¢.'.1 .?.n,ei {"P.I_.y_IC':_.-ISOI (n!i-li. _'l "_._ _.._¢ :2.= Ini=ml_
i.-Ic:,--,_.,,.i__ ...-.s_...oe.--_.u_ ¢lec_.."_,:,,= "me._._:-ir-..s :._ !o(3. [30.
[60, 190.._.0. =ha :$0 ._ m _s no "0 K so_::-.'ra .":r :_= m:L_m
com ooune,. Trm ".tc:t.xcion wmv©|ci= "-u 3.¢0 nm,

os."_szbiy _e sa_e :_,romo.ohom as ,:_,nor"= ye!Icw soiid _th

PFC as me :otm:=.-.on/,..hey iota," --._ me :'oom-'e.-l._e.-'au.,.=

e=:ssion maxumum oc:-" ,-red at :=a:n longer '.uave{enl,'2. ==.

_.:0 :u_..Moreover. at ',ower :em='t:-..-,.res..*._--'sslon oc:_'_._d

lhor':_.-" waveie:gL-.._ .=,';d :;_.e."e ',was a "_ cr=- in the• . _ "t e

:,_,'_cwic.L".. 3 7 _'ound i00 K, :he e.--._sion ..':'.2,xim::=. stoooed

sh.tP.L_I =r.o. s_ot_zed at about _5. _ r._..: C'_._ =.rec',-'=:on of

-_e .-":t'!a_ s_t ilave =:l uncor:e¢::: :.----'sslcr..._a.x::=:..-I -.r .¢_._

:'--'- :t :_0 K. At [owe: "'m_e.--.--,:..s ::to .'.--..'ssl:: ='.=Laura

shined :0 longer ".vave£en_,2,.s. our :', 5i2 .%',,,=t :CO K ;F:.'!I=_.
:'L :n _ii'e ".viL'I ._.: :eSUi_ Of" Vip e: _..=

Disoassion

The t"_.ftr_.Y3(_leC._i(SbEs)2 Syste=. _':e $_'.'c='.'..."t_

e.':'-sslorl _,ow'n. 3y L'_e _,l_.ie c_,,",.._ie.x ;n :no :.ow-'e.'...-e.'-..t_

grass or _e solid s_e ¢_e:"ly .'x._rtt.e:_ ".iz'-'.:-ce::tered 2.-_

•-'Y" .*"'SSIOP.. _owe','eF. "Or the soii¢ _"._I:. LX* -'_JS_cn :.'L'_:at"$

at ',onger wave:e:_'.._,s and ,'he s_.e,_-.-= :s _'-';:e

o.e.L2_:',de:L .-_ ;ow t=._t:m,"at'_e.._ew S._or:e:-_.'ave::-__.l e_Js-

sion .."aax:ma a=..-x: "n c_e solid.s. -_-- Sat.-.---..--.. but -*'tea a _0

K. ;:'re e.-'.-ssio't t_:s _ot a_mn r:'xe::e.-.17 Sou=<" .'.'_-m :.'.e zlass.

_, _w.ci_ie.., p",r',,x_ -'=",..r..;i,'cn could =c:t.m: .":r :- ::.-..= ._.o.a_.

Ce-'2e_de.'.ce a["L".e e..'TL!$sion S._C--'-=, _:oweve:. ,',is :s t_.k_!v.

Oce .'=-=.son :s :,".at 2re data would _'tu--e : series o£ _na._e

c_._._j_ at _.i._.::e..,.[ :em oc.-atUres "_.:: c_e: .-rooie.-t. with "_ts

mo_e[ is _P,=[ _e !owe_t ¢.'ler_/ ::'::.k_ioo 0¢:='=.'3 at ,_om

t",.--._e._e, w_ ._'e file st_Ic.'4re SNOWS _ne.rc _,"t ':10 st_-,.ific&nt

_'e'liibor-ae:_bor inter'_=ons, at [e._t in a.'_e buik ._enaL

The _tos_ _ke!y explanation at: '_"= _ _ .'hat "-'_e ::russian

on_nau_ ,',-am:_.ff..-.-=nt_':,0.sit_ ¢,.:_nein I on _e t_'-',e.ma,u.e.

The _,, c:'tw.."s could be e:ther deem sites or sims w'h_'x, the

ex_.tataoo tt, e_.f gene:-ates a loca_y modi_.e.-a s_-xzc-a_re.:s When

energy _znMer is facile in the solid. :.ae ¢.._r_moonor=s in the

bmk si.mpiy a_ :a _mza'axe that e.'=fi,citatiy _ uo -Se e=_"g7
wixich then flows into lower :n_g,y _ sites. Of :ours= r._

e=e:'g'y-disL-.buUonla'oc._ss,_are ta=..,;camrt d=_ndent a_cL

at a sufficiendy low mmperamrt, the ;mpulaaon or" _ar_¢alar

craps may so loog_ _ £easible. Uoe.._ _es¢ condir,on& nmw.

higher energ7 emi_ion .spectra _pe._- at lower :.ad lower

t==_. _ mod.l ai_ly ar..,."ouatsfor the _ but tt_

¢':u_aJ assurmmon is that energy _.-_f_ o¢:at_ readily in file

• olid state. "t'_ art. however. $ood _'x'¢.::d_n_ _or this

behavior, pa.mcaim'ty wht_, the "x=_::._oo invoives IL e._:ited

seams or":u'ota:m¢ Ligan_._.t_--_t With IL exc:r._on, the e:ttant

II,_l 31:_. O.; Grailmlie.r.B.C. L_mw___rm .WatenaSa:Scooter.
reread. New YOel_ 19¢M,: C_tapt_' .].

(tO) Kt'ol. D.."it.; Illal_. G. C_em. Phv*. Lei'r. 19111. 77,. s.2<3-'e6.
[l:'l _llian. $,: G_I. H. U. I_nrt:. C'ae_ 1902. Jl. _130-12._

II,_l Bl_m,_. 3; Birt:lou, C... T_rcicr. 3. J..lni Ca'rim. _• l_. 109.
6193-ol9.1.
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of su_::'_l r"orz'_:==uo__.nd the ba.m_. ',o co¢:'_ _.sCc;

at.- .'.-:=_=:._tly znmx--ai. Re_'diag the s_'-'c"au'e of th© _--_P

c:.n_e:, some ,vp¢ of in,,..-':'_.oi_=l_r mte:_-c"on suc_ as g'py-

me soiio-s=te "...-usstonsoez=-..'m. Miskows_ _ HouldJng

have _.'opose.d that:ntc.-ii._d .._tr.:-ac:Jo_ 06 tins _ _ Fve
nse to very ;_rge tea sh_h.s as well u the loss 06 v_b_ao:_J

stra_a:.: On the nine.- !'._d. in "_hetrsiu_ of pl_zl:"_Fl_

isoblc'unoiines..Kato e: _. _o_d t'mdiag =uc= sm_i_" .'---4,
shi_ _'_ e..-'ussionwithp.:i,+uai vibr-'.uoz_l _m_, K..'u.o

et _i. aJso fount t;'_t me _rl e:mssm, from a a_i_d-E_cL.

dic',._.-.io: d=nvauve ex_ibl_ mulUpie on_,._, coa._te_ wi_
the ._os_;=iepar_::._araoo of _--'g.pc:_t,._..

The {I_(trpy_Cl,}A Systems L_ me S_Ud St_ _m:de..d

int,'n:ttons oft.-.':,have a ";rofound _-t="luc:ce on me opuc:_l _d

e:e.."=.:2i ._rope.-aes of p,_.mum(II_ complexes ia ",be soiid
st_[-..: " In me ['P=,_='_y)C:]A _stems. ".£us is ev,c_: _om :,he
mflu.-.-.:.i the a.qio", A has on _'_e :nine of me m,lr._n_k ,¢ -_e

ener_' of the M.ML_T" ai_so_',on vanes with_ =e'.xl-mc'-aJ

sepa:'a:ton. _-'t'-'-: i_ pa.-a==!_:. '.hee_,'_='Jve m_ol_-i_

se:=::',or. ,s :l_¢t.v l_rger m the case of ".he yellow SbFo"

aenvauve :om_':d wl_-, the oraage CF._$O).- co .mpouad.
Fig'.::e " snows tha: ,.he ._,.-.,e e.g.'e:: :s :vid:m m the e-._sston

$ce:.-_. where _: .-.-e..iss_or,a._;---.-'_ a_ n_'_'dy longe:
wave:::_s whe_ =':._at= :s t_'le a.mon. Moreov_. the sh_

inc':.e:s-_ at lower tem_c'.:'.*=s _.u_o_ c::",,niy_ o.¢ a

._-.-,%-: :_:e_e :n m; me:'..=iau:um-_iara.-.um s_ratiom :_

I: ::_,=_:. ,.he emzss_on "_m '_.'na:_s probably a mooomen¢

_;q, _tu. M: Sa_no. K.. Kos=_t. =.; Yama.za._, M.; Yano. $.; _.imu,'a.

;Z_, .-._oma_. T 9, , _n_.,"mliL ..k.. =. Che,'_. ,_oc, _er. %9_,. I.._-!=0.

(:'., ','_ :r.. _.. T.. C_:. C M.: C:'.o. _. C..,:. _hem. 3oc_ Dguo. Tr¢_

1991. '.O"- I050

_"_: _':_0: M.. O_a,_. _.. _. 7" Anor:.. Allt'. Chem. ).914. JOT. 2_..;-

_:2, Conmc× _. 3_ He.',nn_. L M.. M_r_n. R. _; Gr_y. H. 3. Inor._.

C.,e-, iY_b..L ¢. 'b:$l-_"_.._

Btt#-mm: rx _L

plau='-'m _.-at_ _= :_; SbF: salt oc_,-s at sig_fic.a_dy hiv.be:

cretE,.'. _ the =a_=ma= is cffe.'-.'vely ,_*'-_pe:',.m_. :nOc'.%-n-

de.a. In _rus c_ntex:. :t is wa'r.h no_,=g _" Bailey c: _i. io-,,d

thaz ".he app_re.udy ve_. s_fl_z, ye._ow PF6" salt exmb,ted a

mu:h long_ wavei_$,,,b _sion ==o,.tmum ,, room ,.e_per-
a,u_-=." Howev_. -hey also rgpor_ :_',au.".he --:=_on undt_-"wem

a blue sigh _ low_ ,-_. dow_ to about 160 K. md

_az a__n lower, te_%_uP-"es a _ ==_ssion s_a.i em_-ge..d

wlth a ru,_tml._ zt :_. +((_ _ _ i._pot'-.:mt po::t ;.s

_e= tow-m"_l:_"ar.:._ r=Jssion sig_zi p_-_le.ied the n_ma_ we

obse:_ _'om the SbF," _Jo_:'... _ _: way m

r',."ongfie the da/A _or the P_6" s_v'."st.==is tO assume "_'.ax"..he

long_.wavek:".r.._ e=Lr_o_, which was no longer evict zt

I00 I,L onl_..d _ a _ site. T'_-+_phenom_on _rovldes

_uaoth_ e.xplmmmon f_ the fact t.h_ su_JJ,=r pla-.nu._(I_

=aten,_ds. or eve=. d_ff_t e-t_._a,"_o_s of the same .--_naL

the ,,?tc:gy)C'.]C_-30_ sy.sm-_ We obse_ a red sr.=_:= _h.-

e_4ssion z_r_'=_ a( lower ,----"_._,'_+_"4.a_eswh_ea._ _iey .':

_. r._on_ a bin: skE-. for :be same :omT_ou.'_d- Howeve:. both

groups obscrve,d s_a_ e--ass_on _e:=_ at tee lowest, -t.e=_er-

Ack_o_edgmem. We _c:_owi_z.- su=po_ of ="as work

_'o= the N_or_ S::e::: ?ou,'_e.a:oc =h_ough G:'.,.": C:.-._-

9-'01=35(D.R.M._ ""d fl'o= _qe U"'-ve:'s,ryof Na:.a__.nc_'_:

Sou,h .._._n:-_ Youn"=uo= for Resc.='e_,Deveio.ome=:'.'L_.).

Kubi_ for _s e_:.".s _.nd sup_on.

Supportin| luJ'or'_zboe Available: .-abies of ."=moict: a_omJ:
:oorc.t_,"s an0Lr,otrom: :.'_'....._a;_-a.m.r.::n. non-ny_'ag'.n _"uso_-_';l¢
t:..'=_._mr= fl_,o_. _on¢ _s:._.n::s. _'_c bone angles :" p_=sl,
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Remarkable substituent effects on the photophysics of Pt(4'-X-trpy) C1 +

systems (trpy "_"_" 6' '_'' " "= ...... -te:-pyndme)

Denise K. Cfites. Corey T. Cunningham. David R. McMiilin _'
O¢_J_merrl .t C;ltmtst¢_'. P:l¢oreeI.'ntvtrq_-. ;V¢_II._ttlvtfte. "_"-'7_7.13u3. USA

Rc'.z:_'eu t: .May .gQ'::m'.'.,_ 22 :aiy !9_T: acc¢cle_ : $¢z_ern_r 1997

Absu':Ct

[n view of the mteres_in probing one binding m(e._ctmn._that n<c',r betwe._.nplatinum :ompie'_es "rid bmio._lc'-lmacmmolccaies. ",heaim

o! [nl:, work has Deen to develop _y_m_ that _htbil _nrlam.'ed exc;c.=d-_tat¢iife(ime_ _-n.J._mtssLon.vie!d_in _m¢ _aiu(mn. _'Theinvestigation

;'oca_eson a _enes ,ff,:ompiex¢._ of _he :_pe PI_4'-X.T, CI "wnere -"-X-T denotes a_'--uo_tuuted denvarv.e o(2.2": _'."'-!erpyndin¢. In all
¢¢_es;hecounte.'tun =._;he non.<OOruina[ing_un ¢e:_K_( 3.._-ht._tmrluoromethyi I phen_,I! borate. The substltuent_ =moloyed include eicctmn-

,.,._ma_.wm_ ,.'roup_, :ik¢ CN and SO:Me ".s wetl ¢,, eiec:mn-.donatin_ ;rnups like SMe and NMe:. Within '.he ,enes of complexes. :ne first

recuc:mn ,:,'ave:angus over about 03 V in DMF Almc:ugn the proces_ probably ¢mads '.i.c:ndreductmn. :he accector omHai appears to have
some platinum hp. ,:har'a¢:er.Even thougheLec:mn-aonaung subsmuents destabilize ¢her_duc_'_Jform or"the lig=nd,ail .,ubsum_ntsinduce a

red.,nlr't m the char_¢-_.t"_ns(er ( C'T, absorpuon bano _._(em that occurs around -;.00nm. Furthe.,'mor¢.[her== =s=_¢ne_lly_:nmc.'_e in {he

CT -o,_orpt_oninten..,ffy. :ne -.rn=ssionli(et_me and the =."nlsstonquantum ._leld in methylene chloride. Thus. at mum .'emper_ture.',hecomolex
w_tnme ;e."pyncine fi_:nd i[seit is a veP/pour creme: '.v=than em=_,.,*onlifetime o1"10 ns or less. while the _(-"-SMe.T _C]" and Pt( 4'.

N'Me:-T_CI " ,_y_temsexhibit lit'cttme_ of I-t0 ns and :.9 p.._.rcspec:t_ely. With me elect:on-donating su0smuents ;npa_=cular. "he lifetime
ennan¢=me.'Itred,%:ts 4 conficur_[ion interaction berv,e=n the orl_lnaJ _ state and an mtratigand char-.e-t_ns(¢r exctteu _[at¢. SubstltuenL_

3b.Omduence a the._naily ac:wa(ed pathway to r=rtiatlon=es.-,decay. _ 19q_ Elsevier Sc:ence $.A. All n_n(s reset;cal.

K¢_.ora$" Lumlnesc.-nce:Photopny_lc_:P!=tlnumcomol=xe_;Te/'oyi'ldlrle comoie.-.es

1. Introduction

The binding in[e,'-'ac:ions that complexes of ptatinum, II)

with polypyridine Iigands undergo with DNA [ I-5] and

globular proteins [6] have helped fuel interest in these sys-

tems. In addition, the platinum_ II) matenais themselves

show interesting e!ee_,'onic properties in the solid state includ-

ing photo/uminescence [7-10]. The observation of photo-

luminescence in fluid solution is a rarer phenomenon, but

there arc some recent reports of emission from monomeric

platinum(II) polypyridine complexes [ I 1-15], In the pres-

ent context, the most relevant systems are Ptltrpy IOH'.

where trpy denotes the 2.2": 6'.2"-terpyridine ligand [ 13].

and a Ptf4'-R-trpy)Cl ° series, where R-C,H,OMe-p.

C,H_Me-p, C,H,Br-p or C,H,CN-p [ 151. When ,,heemission

" Conrcspondin_author. Fax: -I 317 494 0239; e-mail:mcmillin@
purdue.edu

0020.16931qKIS19,00¢ f9_8El_vier ScienceS.A. Alln;hts resc_'cd,
Pfl SO0_O- i h93197 HJ60R '_-9

originates in a metal-to-ligand charge-transfer (CT) excited

state, the intensity and the lifetime.vary dramatically with the

solvent probably in large part because of the availability of

open coordination sites atthe metal center [ 131. Reductive

quenching o( the CT state is also common [5.]5]. For

Pt(trpy) L"- systems, the luminescence properties are partic-

ularly sensitive to the nature ofligand L [ 13.15], due perhaps

to a variation in the efficiency of" radiationless decay via a

thermally accessible d-.d excited state [ 13.16], In the case of

the Ru(trpy): :° system, which sh_-¢s some properties in

common with platinum([I) terpyridines, the systematic

exploration of substituent effec;s hasprovided useful insights

into the photochemistry and photophysics [17-191. Those

reports provided the impetus for the following spectroscopic

and electrochemical studies of a series of complexes of the

type Pt( 4'-X-T)CI ", where 4'-X-T denotes the trpy deriva-

tive with substituent X in the 4' position. The most intriguing

finding is that the introduction or"an electron-donating group

-I
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can .lramauc:ll.'. enhunc," :he emt_,_ion yic!d :nti "he lifetime

as a con._¢uuunce t_f the admixture of int_lig:r.tl excited state

unar:c:er ,hat occa_ in the em_ttln_ state.

2. Experimental

2./. Materials

-klclrich supplied 2.2":b'.2"-'..erpyridine. -".chloro-

2.:" :b .""-terpyndin¢. potassium te_-butox_de. 2.acetvl pyr-

idinc, car0on disulfide, methyl :odide. _mmomum ace',_t¢.

me',n?i magnesium bromide. _e]en=um dioxide, potasxium

cyamde, m-chloropero:(ybenzo_c acid. -Lmo_nuiine,,thane.

suitonic acid _ MESI. 3.5-btsl trirluorome',n.'.iJbmmo-

benzene, hexamethyl0hosphoramiOe _ HMPA: .rod teu'abu-

tylammomum hexarluorophospnate (TBAH;. "_,'le ZnCi:

come from Mallinckrodt. Jans,en Chtmica _u._piied bonn

mrluoroe:i_era, te. Baxter supplied B&J brand high purity sol-

vents for spectrum, topic measurements (acc:onlc_Je. N.V-

dime',hylformamide and methylene ;:blonde :. O:ner solvents

,vet-.r_-:gent'='rude.,'l-h,cI(_,PtC:_'._o5a _iitir,_mJonnson

.\latthey Ti_e purity or most materials _as _atL:rhctory as

recc:',ect. In me case o' TBAH. a _enes of three rec,"ysualli-

zanons from ethanoi gave a put," compound.

2.2. %lemods

The methods re=dried by Ports e' al. provided routes to the

trpy derivatives J.'-thiomemyl-/.Z':n'.l"-{e_:.ndine (4"-

SMe-T?.-_'-methyisultbnyl-2.2':_'.l'..'.erpyr_dine ,"-SO:-

Me-T',. -t'-methyl-l.2':6'2"-te.-p>ndine l:'-.'.le-r] and

"'-cyano-2.Z':6'.2"-terpyndine {a'-CN-T_ [29.21]. An

adap[auon of the procedu_ of Oupton et al. ;ave 4'_i-

me'hyiammo-2.2':6'.2"-te.'-pyridine , a'-NMe:-T, [ 221. For

the synthesis of each [ Pt! a'.X.T'JCi ]C1 form. the reaction

of P_.(COD)CI: with the appropriate trpy denvauve (4'-X-

T ligand) gave the desired product in _ 75% yield [23.

241. "Fne preparation of the counter ion tetrakis[3.5-

bist trirtuoromethyl)phenyl]borate ITI=PB) followed the

procedure published by Nishida et al. [ 25 ]. Finally. the addi-
tion or an ethanolic solution of the sodium salt of TFPB to

an aqueous solution of the chloride salt of Pt(-"-X-TlCl-

yieided the desired material [ PI( 4"-X-TICIITFPB. Micro-

analysis and proton ,"_IR data showed that recrys_llizatton

from toluene/methylene chloride typically yte!ded a hemi-

solvate containing toluene. Microanalysis of [Pt(g'-X-

trpy)CIITFPB-Y, when Y=toluene: (X=NMe:.0.5
toluene): Anal Calc.: C, .1,d.53: H, 2.28: N. 3.956. Found: C.

25: H. 2.32. N. 3.73%. (X:CN.0.75 toluene): Anal.

Cult: C. -s,iO: H. 1.982 N. 3.9. Found: C. -1485: H. 1,982 N.

3.g4%. ( X = SO:Me.0.5 toluene _: Anal Cult: C. 42.62: H.

1.98: N. 2.89. Found: C. 42.92: H. 2.06: N. 2.88%.

( X = SMe ): Anal. Calc: C. 41.98: H. 1.83: N. 3.06. Found:

C. 41.592 H. 1.802 N. 2.90%. The procedure of Hill et al.

} ietded the Znl -t'.X-T'_CI: denvau_es ._,thout need for ti=r-

ther punfic=uon 12.61.

A three ei_u'ode cell _¢r'.'ed :o ,',otcin the cyc!ic voltam-

metr'y data. In particular, the wor,dng e!e;:trode wa.., a gold

disc. the auxiliary, e!ectrode w._,_a P: .,rare und the refcrenue

¢tec:rode was a AgCIIAg elec:rcue !n contact with 3 M

NaCI( aq. ). For reportin_ purpose_ fermcene _e.,'xed as an

internal reference and exhibned a ._ote.':z=al of 0.5." V versus

AgCl/Ag. The electrolyte _oiutton '.,,as 0.1 M TBAH in

DMF. This wa_ the solvent of :_oic-- =ecause the platinum

complexes gave relatively clean waves :n this medium, and

me zinc complexes ,howed good _niumiity. A s_mple purge

with dinitrogen gas ,ufficed to remo_e ais.,oived Jioxygen

from the sampie. The ;can rate .._ usucily 50 mY, -

For the luminescent- _tudies. a ,tream nf Ar g:, acted a,

the deoxygenatme agent. During ,¢ectr:_ ,'nea._ureme:tts. the

slit _ettmgs were 10 nm for both :he ex,::tution ancl ¢mis.,ion

beams. For emission spectra a -u_) nm long-wade-pass filter

removed the scattered light, usuaily at an excitat:on wave-

length of 375 nm. In the case ,_f :he iSle'line ,tudie, the

excitation wave!ength wa.,, either -:-_1 ;r "20 nm. and t,he

long-wave-pass tilter had a cutoff ._f -'5 rim.The !a-er d'.e

was Coumarin ..t-tOor Stilbene -20..nu :ne snl_ ent for N MR

,pectra was CDCI.,. Dr H. Dame: k'e _f Purdue L:mer,,_ty

tamed out the microanaiy._es.

2._. /ll.g[r[ll_enfallOtl

_,e _pec:rophotometer was a P._rx;n-Eimer Lamoda -'C.

and the spectroduorome.'er'aa._a Sk2_I--kmmco SPF-500C

For variable temperature measuremems -he cr}..o,ta[was an

Oxford Instruments model DN I .-0-:. ,_qem _=th controller.

Descnptmns of the procedure and ¢_u_ement for mea:,unng

lifetimes are in the literature [27'. The ,weep umt for the

eleeu'ochemical measurements wa.,, u model CV-27 cyclic

vohammograph from Bioanalyticai Systems.

3, Results

3. I. Elec;rochem_srr 3"

In accord with other platinum= []_ complexes of hereto-

aromatic ligands, the Pt(4'-X-T)CI- systems show two

ligand reduction waves separated by about 0.6 V in DMF

[26.2.q.29I. whereas anodic scans out r.o the solvent limit

gave no indication of platinum oxidation. The potential of

the first reduction varies by as much as 0.7 V with the change
in the 4' substituent, whereas the etfe-"t on the .,,econd reduc-

tion is somewhat smaller [Table I). The _cond wave is

chemically less reversible in that it shows a greater difference

in the cathodic and anodic currents. The Zn(-,t'-X-T_ CI: ana-

logues also give well-resohed reduction waves that are sub-

stituent dependent. [n line with the results or"Hill et al. who

studied the two parent complexes [261. the potential of the
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D & (nJrl rl oH..'hfrlrL._lml;t (.'iumr_ t; A, i. ;-3, ,_s,_j .;_r_.z_:

T.r :

k_.j,.i;ii)fl r,olenil:d_ i11 |)NIF _. IctTnccnc "

Z,. : • _. T,C.':

CN - 1.4._ sO(). i.OI "

SO:M: - ;.,.;._ ! lO0. ;._j

H - 1.1¢_, 7n. 1,7,

SM: - I.._q i_}, 1.4)

Mc - I.gl 10_3.4.01

NM;.: -:.12 _70. 1.5,

P_, -".'4. T,C;"

CN - 0.92 r_0. I.: 1 "

SO:Mr -11.98 t60. I.:,)

H - 1.:4 _ 70. 1.2 i

S),1= - I._ 160. 1,2t

Me - t.3(i (71). L..!

NMc: - 1..¢._ (7(l.l.:_

-- !..'I6 i 6f). I +.l i "

--I..C_ I 60, 1.31

-- I ,S: + ";O. 1.6 I

- 13° ,lYJ. I__i_
- ! X? t7ll. 1.9i
- !.97r60.2.5)

" FtO_ .:}cite voilamrllein- SCans at _() mV," ' in D.MF conlalnln_ O.I .M

TB _.:'__: 23"C.

firv ;igand .,'eduction is _0.5 V more ne.-.aiive tar the zinc

c:_m.-'i_., :ban it is for ,.hecorresponding platinum system.

?. " Sl)eCtro.v£'tJt_v £tlld pJZt)lo/tii.v.rics

Sowdon> of the r PH ='-X-TiCI ] TFPB compounds are sta-

ble m methylene chhmde for short penod_ of time: however.

de_'rta>e, m the n¢ar-L'V absorption inienslly be_in in be

apD,',r:m after 5-6 h. All reporled data refer to freshly pre-

par=: -oiution_. exccp[ for the Iow-temperalure nat0 where

the :._ur_c of the e.xpenment reqmred -6 h. A_, reported

pre'. ;ou,,ly for the p',ren¢ [rpv complex [9. ] 3 I. and for the

-' -pn=% t-su0stituced complexes 115 i. the Ptl "'-X-T_C] -

system_, exhibit one scne_,of intr:ii_and ._'-'_. " :,h,,orp_Jon.,,

centered around 2_SOnm and anomer ",round .:_.20nm t Fig. I ).

Fig. " show_, ¢ha[ Zm J.'-X-T_CI: eystems exhibit a .similar

serle._ oF UV absorption bands. T;bie 2 cont.,ins a compila-

tion of absomance data lot the Pu -' "-X-T IC[- complexes in

[v.o soivent_,. In addition to the r.-_" absorptions, the plati-

num systems exhibit Ies,_er intens:t._ CT' absorption bands in

the vicinity of 400 am. Due in ane,. reduction o1"the dipole

moment in !n_CT excited state[ IZ'01. the CT transitions

occuratshorteru.ave]engthsin polarsolventslikeacetoni-

triie.With the exception of the me',hylgroup, which has

almost no effect,the introductionof a substiluentin the 4'

positionofthe[rpyligandinducesa baihochromic shiftinthe

C'] absorptionnetwork (Table 2,. Tnis istruewhether the

substituentgroup iselectronwiihar',wingor electrondonat-

in,._,.As the resultsinTable : sho_t,tee presence of the sub-

stituemcan greatlyenhance [heintensityoftheCT absorption

as v,ell.Similareffectsareevidentinthespectraof_'-phenyl-

substituted Pu trpy )C]- systems [ ! 5 [,

At room temperature, the emission intensity and the life-

time vary. dramatically with the n_ture of the 4' subsi[tuen[

a_ v,cl] as me ;ol',em. Apart from :he --NMc:-T dcrivative.

none of the ,:omplexm, listed in T;:bte 2 gives :, signiiicam

emission si_:sal in the room tcmpe:'n:ure -',cctonirrilc. For the

most paR. the cnmptcxe_, arc emis,h e m methylene chloride.

ahhough the si;nal is extremely _eak for Pu trpy iCl- itself

and virtuall) non-decec_ble for ,he ;io,,ety related 4'-.Me-T

"_ysiem.In ac=_rdance with the CT =P,;o .r'ption.late. the intro-

duction of ;_suos[ituen: at the _" :.a.,"oonof the trpy ligand

generallx, c-".u_c_the emission <p=:;,"um in shift to lower

energy: howe_=r, the emission spec:r'a all appear at rather

similar wavelengths. For each s._'.-m :he emil>ion shows

well resolved vibrational struc:ur=, mono-exponenual emi_-

30

g

lo

27_ 375 475 575 675

Wlveleng|h Into)

Fi_. I. t a I Ncar-UV '41_ion spcclrJ at- x¢lected P_I 4".X.TICI - complex¢, in M_'CN al 23°C: X = NM¢: _- • - . X - C"_ , -. thick mace I. X - H c-. thin

i .'J¢:e I. I h I Uncorrected ¢rni.,¢_itm sr_clrj, at" PI I J.'*X-T I C[" sy,qcrrls in CH :CI: at 23"C. The samples all had 111¢,.ame abe,orb;in,re at the excilalion wavelcn_th

of 375 am. Inoeder of im,,'n=:z..in_inlem.ily at ,_50 nm the spcmra correspond in X - H. SO:Me. CN. $M¢ and NMe:. respcmivel)

F
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3OOOO

i
20O00

_ °

o
.J

I0000

0

:75 315 355 39_

Wavei_h tnm_

Fb.... , Neur-L:V ah_.rotlon >pcctr_ ot Zn_-"-X.T_C;_ _omoound_ in DMF ai =-"_C. l"h¢ _mpt¢_ _ave X - NM¢: t - • -L X -._,1¢ ( - • -_. X - _le , -. thin

_on decay and an excitation spectrum that matches the

absorption _pectrum. See Fig. I ! b ) for ._ome representative

._,*,c:T::. Except r'or the J.'-Me-T _ystem. the intro(Juct_on of

an ei_:ron-withdrawin_ ._roup or an electron-dnnadng-_roup

at the -' posit:on of :he ;_:, ligand enhance_, the lifetime and

the _m_,sion quJ.ntum yield (Table _.2). The mo_;t dramatic

ins_an,.:= is the "'-N,",,le:,-T derivative which has an emtssion

lit'co:me in the microsecond regime, in view or the emission

Ta0=e "

_,b,,_tmn Jnd ¢rni>_ion dat;:l _re,m P:I J'-X-T_C: - ,y,lCql, J! :._C

McCN CH:C:: ,L_, (_:,. :

lnm_ (n_)

CN

SO:Me

SMe

31l_h

316 323 .5._0 O.O0=_ 116

335 3:5 .59(1_h
13 XO0) "

.'-6t .;66

39a -_Ssh

•u_ 130"2_0) 428

316 32 ¢ .5.t2 0.002 2l

.:36 ( 1.5 200) .577
33_ 32.g

.'8.5 380

4(}3 (36.50) _30

303 305 5 _ 0 I _ < I 0

316 320 535

330 t l_t "00) .LI8 5_)
3._

3,-7 (2200 ) 300

3{X)sh 403

320 305 342 (l.IX1_ 142

333 t 17 9('_)) 330 575

388 400 62.5,;h
.tO9 f 7T._O ) 4Z._

(ctm/i,,ed I

TaMe :, cnnt_,m¢_i)

.l_m. i rllTI) _,.--ll,,i_*nddt.t

.'vleCN CH:C;: t__, 'k,,, r

31_,( Ifl _(_l)i 322

3:9 336

3;3,6.530) 35"

.,, - 3:q6

3'all I Z24r},

N.M¢: 2_(} 2."12

31l , ITr_fll 31h

"_'=' I 16 ()00) 3gAsh

3-_t),h _:0
419 102901

5":,O

_3S>n

• Emission mca..,un_mems in CH:CI:.
Molar ahsorptP.ity ( M" ' _:rn "_).

lifetimes there is little doubt but that in all cases the emission

originates from a state with triplet mulupiicity. The presence

of the well resolved vibr0nic structure is quite striking and

contra._ts with the broad emission attributed to metal-to-

ligand oCT excited states of related platinum(II) te_yridine

complexes [ 13.15}. it is entirely possible that the vibronic

structure reflects the fact that the emission emanates from

states that have significant intraligand excited-state character.

vide in fra.

Temperature-dependent lifetime measuremenr_ were only

possible over a limited temperature range since methylene

chloride is a non-glassing medium. The lack of long-term

sample stability, was another complication. The complexes,

selected for detailed studies were PtI_'-SMe-T)CI- and

Pt(a'-CN-T)CI _. For each complex the dam satisfies the

following phenomenological equation for the temperature

dependence of the lifetime:
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i _'=:,.-.'_cxp{ -3,E,qRT) I (I)

The be,qm of tne data lot the 4'-SMe-T complex ha.,, a

iim:tm-, litetmme ( ,;..,- ' t of2.S p..,,,a frcquenc._ factor (.4 _of
].3 .. It')"' s ") anE an apparent activation ener,,v t'_EJ of

Ih_O cm- '. "['he corresponding parameters )'or t'ne -"-CN-T

compiex are 0.-".¢ u.:,. 1.5 >: I0 * s- ; and -30 cm - '.

4. Discussion

The goals of thi, investigation have been to understand the

elec:romc structure of the plattnumtII) te.-pyridine com-

pte_,es and tOde',e.op systems with longer exc'ted state life-

tame:,. The parent complex Pit trpv')CI- shows no signiricant

pnotolummescence intensity in room temperature acetoni-

triie, although the mixed-ligand trpy complexes that have

thiocyanate or hydroxide in place of the chloride ligand are

emissi_e [ 13 I. The systems selected for the present studies

involve modified trp? ligands and are freel.', soluble with

TFPB a_, the counterion in the non-coordinating medium

me:n._ lend chlonde. Although not the principal focus of this

',,ork the etectrochemistra., of the complexes i_, germane to

'.ne inte."pre:atmn of the CT spectra. The most _mponant point

In rec.")gnize is Ihe ,trong influence _ubstltuent_ ha_e on the

nr,t ii,_'and reduction. E!ectron-donating substituents like

S\le or NNle: shift ',he potential in the negatwve direction.

_.nile elec:ron-acc¢.")ting subsutuents like CN have the oppo-
_=te effect.

" :'. //Itl'olnt)l('l'tlJ'(_l" t'i|ol"4c" I/'Ull,rl(_r

A, note." ubo,, e. :no absorption band,, with A,,,,, > 350 nm

ant! _ > 10(10 .'_1- " cm-J norm".lly correspond to platinum-

to-ttT,._ NIICT transitions and therefore invoh'e a type of

h_and rea.uction [ :.3.301. The_e band assignments are con-

,),tea! v._th )be shifts that occur with a chan_e in solvent

p(_lJr:l._ or the spectator ligand. Comparisons with the Iov,-

temperature emission from _ystems like Ru(t .rpyl::" also

re_ e.',l that the lifetto;e and the Stokes shift are compatible

v,_th photoluminescencc from a corresponding "_CT state

I 13.31 I. Finally. the population Old metal-to-ligand CT state

can account for the pronounced emission quenching thal
occur, in donor solvents like acetonitrile. Due to the increase

in ,,no metal'_ formal oxidation state and the availability of

open coordination sites, solvent-induced exciplex quenching

i_ likel S to be ave U efficient process for such CT states [32-
3-J.

One problem with the concept of a low energy metal-to-

ligand CT excited stare is the absence of a well defined wave

corresponding to the oxidation of the metal center. However.

a compensating effect is the fact that the first trpy reduction

occur_ at an unusua]l_ positive potential. Previous investi-

gators have attributed this to -', mixing int¢_ction invoh'ing

the relatively Io_,-Ising 6p.- orbital of platinum and an empty

•re." orbital of the polypyridin¢ ligand [ 26 l. This requires that

the redo\-..ictl_.e w': orbll;.;I =g'....,ur'_.,eC;.ll_C)!It ;_¢ one in the

same a,_ the _,nectroscoplc.':ii.,. ;_ctv.e .-:r" orDitc.i _ be anusym-

me:rid with respecl to a rotauun anout the t,._.t,-foltl axis that

passes :hrou,.Jn the ligand. In the no:zuon of O:geL the sym-

bob, Oand X designate nrbztais tnz:;',re r"_pecu _ei.v anusym-

metric and ._ymmetnc with respect :o ).no tv, o-t'oid rotation

ope."at]on i 3S.30]. Extended H_'c_ei calculauons ._now that

the LUMO of the t,rp._ ligand ha_, 6' ,,ymmetra. [37]. and

mixing with the higfier energ.,. _ P: _ uroital _ould tend to

dnve the energ_ of the corresponding molecular orbital of

the complex to even lower energ_ The race that the first ligand

reduction i_ _ sensitive to suosutuuon at the "' posiuofl of

trpy i_, cenaint._ consistent 'with mi_ interpretation Thus.

mesomenc interacuons with donc, r groups like NMe: or

acceptor groups like CN depend a_on overlap with the p'r:.

orbital of the "' caroon atom. and mis re(_ulres an orbital with

_b symmetr 3 . Table I reveals tna: :no potential of the second

li..and reduction is less sensitive to-' _ubst)tuents. This could

mean that the electron enters a ligand orbital with a different

symmetD or that this reducuon !nvoives a metal-centered

ornital [26]. In terms of the _.._:,roscop.',. the face that the

introduction o[ a 4' CN or SO:Me group inGuce_, a batho-

chromic shi(t )n me CT anyone)on c,'ac emr_on maxima is

eas? to appreciate because :()rmat)cn of the excite_ state at

least formall._ entail.,, a ligand reduction. It =s no surprise that

an elemron-wuhdra_ing _roup _ouid facilitate the process.

However. electrnn-donatmg group, iike NMe: and SMe aiso

shift the CT maxima to Io,a er ener_._, so there are obv:ously

omer factor., invoi),ed. Indeed. z numeer of recent studies

have made the point that CT prc,ces,;es are not just one-

electron, center-to-center char"=, tr_:n_fers [3S.39 ].

For me piatmum_ 11)-trp._ ,._stem_ a' hand. pamcularl._

tho,,e v..ith e!ectron-donatm_ _,ubstltuent_. me ."ollowin_ anui-

ysi,_ suggests, that u conn_uratton mteracht)n with another C"i"

state ha.,, a major influence on the _tate energies. The literature

deulin_ with sub,,ntuent eftoct,, and '.he absorption spectrum

of benzene illustrate me phenomenon and ser,.e as a useful

basis for compan'_on [ a0.41 ]. The important point _ that the

introduction of either an ¢leetron-wandrav.ing or an electron-

releasing suhstituent induce,; a red shift in the low ene_.',

_.-_ ab_or'ption of benzene. For example, the lowest enerev
_r:,-_ _ transition, the so-called a band. occurs around 2._()

nm in the spectrum of benzene whereas for aniline the cor-

respondin_ hand I'alb, around 285 nm. The reason is clear

if one views aniline as a compo_,ite molecule containing a

benzene ring and a I_ripheral nitrogen center with an active

lone pair [-tO ]. In es._¢nce, a conti_uration interaction with a

higher lying nitrogen-to-ring C'l" _tate drives down the energ}
of the _-_= state that is the terminus of the _ transition and.

at the same time. enhances the oscillator strength. The same

kind of effect is evident in the Pit .I'.SMe.T)CI- mad Pt(-t'-

NMe:-T)CI- systems which exhibit anomalously intense.

but relatively low energy CT transitions. Note that the red

shifts occur despite the fact thai the .t' substituents are elec-

tron donating and destabilize the reduced forms of the respec-

tive ligands. The UV spectra of the Zn( 4'-X.T )Ci: analogues
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:mlttm._ "(.'T ,tale anti a XLCT inlr'.di,Jand ex¢lteU ,tale i_l I_.1 a'.,'(.TIC]"

The :_.:ucv, c _ner,Jv ofthe 'd-,J ,late i,, unc:nam, but tc ma} hc :he _¢rmutly

ac,,:t_,:,iol¢ ,tall: ¢llut mcuiate,, dec;a)

o( PetJ.'-NMe:-TI C]-. A ,,Imple vet:or coupling ar,Jument
ha..,ed on the ,:oilinear transition murn--'ms accounts tar the

increa._ in the =bsurption intensity i J)!. Exactly the .,ame

m'gument apphes to the $M¢ ;malogue. 3y anaioL.'y with ani-

line. there is likely to he further mixm_ with a =-:" ._tate

with 'A, symmetry. In pnnc:pte, the _.-me kind elf ¢oupiin_

is possible with a ligand-to-metal or "- ;igand-to-iigand CT

state involving the ligand i"opposite :_y [ 1. t 2_. And when

X is electron-withdrawing, coupling :o a trpy-to-X ,,tale can

be important. However. a simple ineuc:;'.e argument is capa-

ble of explaimng the ahsom,lion and :.':e-'mission data per-

taming to the .t'-CN-T and :'-SO:-T systems, and the

absorption spectra of the correspondin_ Zm -"-X-T ICl: ,_ys-

terns do not ,,how any indic"tion or m:.t kind of a CT transi-

tion. Nevenhe!ess. the emission :r_m Ptl_'-CN-T)CI-

occurs at a lower energy than that of'he P'( "'-NMe:-T)C["

system. This is not a cause for cone,,:-3 :e_:au_,e contiguration

interaction undouotedly has a weaker !n_uence on the energy

of the triplet state of the -t'-NMe.,-Y complex. For _ure. the

dipole-dipole cnupling bet,xeen the t'._o _xcitations is neg-

ligible in the :riplet maniroid due "o the _pin fomidden

character of each of the CT proce,,,_,es.

are useful for the identificat:on of the panic:paring suhstitu-

enc-to-tmy i XLCT) transitions since there are no inte_efing

MLCT phenomena. Indeed. Fig. 2 ._howsthat. by comparison

:',_m Zn(-S,'-Me-T)CI:. both the _'-SMe and the _'-NMe.,

complexes exhibit extra absorption intensity in the region of

290 nm chat plausibly redects XLCT excitation.

The structure given in Fig. 3 is useful for assessing the CT

coupling phenomenon. Although the two-fatal axis normally

_ennes the :-direction in C:. symmetry., the connec:ions with

archetypical D._, complexes are more evident with the pro-

posed choice of axes. Hay.ever. apart from d(x=->'_), the

relau ve order of the d orbitals is unclear in these polypyridine

complexes [ 13.42J.Fortunately. intensity considerations are

of _ome help in making band assignments. According to a

simple model, the CT transitions that benefit from the cha_e-

transfer term usually exhibit the bulk of the absorption inten-

sity [..t3..._5], and here these correspond to the y-polarized

d(z?..-)--_ and d(.r:)--X transitions to )A, excited states

[[ 3]. In view of the vohammetry data., the transition to the

dsorbital should occur at lower energy. Despite our earlier

reser',*ations [ 13 ], the CT absorption that occurs in the vicin-

ity or 380 nm for Pc( trpy)Cl- appears to be intense enough

to represent, or include, the d( :._.-I-- cOtransition. For com-

panson, the reported values of the molar absorptivity of the

corresponding visible band of Rul trpy )::'. which contains

t_ice a._many acceptor ligands, range from 10 000 to 16 000

,%1-' cm - ' [ 19.31.46 ]. Thus. the CT absorption intensity is

of the same order of magnitude for the platinum _;ystem. Since

the y-polarized XLCT transition from the lone pair of the

N.Me_, group also gives rise to a _.-k, excited state, the inter-

action between the two zero-order _A) states produces the

state with the absorption maximum at 420 nm in the spectrum

.1.2. F_tnis._irm intetl.vities nmi lifetimes

Contrary. to the energy-.__,:p lav, [;T:. the an:,ub_,tituted

trpy complex has the highest energy _m_,lon hut practically
the shorte_,t e.'_cited-state lifenme in :n¢ ,.,.'hole -.eries. The

only system that appears to (lave a shor:-.r iii'et_me is [he ..t'-

Me-T complex, and it. too. has a high .'nergy CT absorption.

These results are incompatible with dire::: relaxation from a

homologous series of metal-to-liganc_ CT _tates [48 ]. but

they make sense Jr'another state influent.-es the decay. Suppose

that an interaction with another state aite.",s the orbital parent-

age to differing degrees within the series. "['hen.the inmnsic

lifetimes vary in a way that does not simply depend on the

excited state energy..-Mtemauvely, there may be substituent-

dependent deactivation throuih a _ermally accessible

excited state. The preliminary, lifetime-versus-temperature

results suggest that both effects are ;robably important.

Although thereis clear evidence of thermally activated decay.

the nature of the state mediating decay is uncertain. [n pnn-

ciple, the state involved could reside within the same potential

energy sun'ace. With certain coppen [11 and zinc([1) por-

phyrins, tbr example, thermal population of vibrationaily

excited levels of the emittin_ state, fosters decay [49-51 ].

The same effectcan operate in the Pti "'-X-TICI- systems

if the resonance with the intra-ligand excited state alters the

shape and/or the equilibrium _ometD' or' the excited-_tate

potential energy ,,urface [52]. Although this mechanism is

plausible, the presence of the vibrational structure in the emis-

sion spectra suggests that the excited-,tate _,urt'ace nests

within that of the ground state. If so. vibrationally induced

relaxation is unlikely to be or'great consequence.
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Ill slew uq Other re;eft% dealin..' with Cfllisnlv¢ 3C'T" staten

ol platmuml II i pulypyndine, and related systems

I 13.1o.19 I. it seems more likely that the systems duactivute

'.ia a short-lived 'd-d ',late+ The fact that electron-donating

_,uOstHuent.,, could hinder such a pathway in intcrcsling. In the

course of their studle_ or'the related Rul -'-X-T_.,:" ,_ystems.

Maestri et al. h:,ve reposed that an electron-donatin_.q sub-.

._tituent lowers the energy of the fir_l 'd-d stale and d;ereby

reduces the bamer to quenchin_ [ 19 I. "Fnis makes sen_,e in

terms of the orbitals involved. While the lowest unoccupied

orbital of the ruthenium system is a do .= orbital, the highest

occupied orbital is a d,-: orbital. The mducdv¢ effect o£ an

electron-donating group should destabilize lhe do-" orbital.

but the substituent can destabilize the d= orbital even more

hecau.,,e of direct conju,.'ation via the trp.v - orbital. With two

trpy ligand_ involved, the upshot is that the deactivating

"d--d state drop.*, to lower energy relative to the 'CT state so

that quenching it, more efficient. For platinum( II) polypyri-

dines the relative energies of the d orbitals are less certain.

hut the filled dt :: ) orbital is probably the next highest energy

level in these planar systems, in keeping with the importance

metal-metal interactions ha,,e on packin_ and the electronic

propenie_, i7.S]. Tnu.,,. the HOMO and the LUMO of the

melal center appear to have do- _ character so that an electron-

.'tar;otis; sub_;ituent de_,tabiJize.,, both. If so. the eOect on

d(.t:-v:) i_ likel) to b¢ greater due to better overlap with

the nitrogen-donor orbitals of the ligand. The up_hot _ould

be an increase in the energy of the d-.d state as well a_ 3E.

the activation energ', for radiutionless deca_. Howe_er. in

iet_ of the uncertain influence that other factors such as

ct)nfiguration interaction with the intra[i_and excited state

hu_e. the diagram in Fig. 3 a.ssume_ that the energy at" the

h)_ est ener,=,y :'d-d state _mains e:,senuall,, constant. Due to

the drop in the energ._, of the emitting CT state, there is still

a net increase in the energy required for deactivation '.to the

metal-centered excited state. By the same kind or reasoning,

the lnducti,,¢ et'l"ec_ associated with un electron-withdrawing

•,ubstltuent should stabilize the "d,=.d state. The effecl on the

emitting >C'I" state is also stabilizing, but even if there is a net

increase in .1 E. the effect will not he as dramatic as it is in

the _ase of an eiectron..donatin._ .,;ubstituent. The results in

Table 2 are obviou.,dv in accord with these qualitalive predic-

tic)ns based on the assumption ot'a thermally acce.,,sible =d-d

state. On the other hand. the analyses of the temperature-

dependent lifetime data yield modest frequency factors. The

values obtained are indicative of nested surfaces or perhaps

re:ersible population of the deactivating state [ 18.,_3]. Surer

identification of the state that mediates the decay will require

u great deal more e_penntental work.
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ABSTRACT

Although copper systems are attractive as potential photosensitizers because of

the ready availability of the metal, efficient nonradiative decay and solvent-induced

quenching phenomena ordinarily limit their utility. Emission studies show that methyl

substituents in the 3,8 positions constrain bulky groups in the 2,9 positions of 1,10-

phenanthroline so as to enhance the lifetime of the reactive charge-transfer excited state

ofbis-ligand copper(I) complexes. Whereas, photoexcited Cu(dbtmp)2 ÷ has a lifetime of

330 ns in dichloromethane, the parent complex without the 3,8 methyl substituents has a

lifetime of only 150 ns under the same conditions. (dbtmp = 2,9-di(n-butyl)-3,4,7,8-

tetramethyl-l,10-phenanthroline) Even in a strongly donating solvent like

dimethylformamide, the dbtmp complex exhibits an excited-state lifetime of 140 ns. In

dichloromethane the complex with the 2,9-diphenyl-3,4,7,8-tetramethyl-1,10-

phenanthroline ligand exhibits a lifetime of 480 ns, the longest decay time yet reported

for a bis-phenanthroline copper(I) complex in room temperature, fluid solution.
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INTRODUCTION

Substituent effects have come to the fore in the development of the chemistry of

copper(I) with 1,10-phen_throline derivatives. On the following phen denotes the 1,10-

phenanthroline iigand itself, and NN designates a generic derivative.) A seminal finding

was that the presence of moderately bulky substituents in the 2,9 ring positions enhances

the selectivity for copper(I) binding and stabilizes the copper(I) oxidation state, t'2

Subsequent work has shown that incorporation of bulky substituents in the 2 and 9

positions also enhances the energy, the intensity and the lifetime of the emission from the

lowest energy me_al-to-ligand charge-transfer (CT) excited state. 3'4'S One reason is that

bulky substituents inhibit a flattening distortion that often occurs in the excited state and

promotes nonradiative decay. 3'4's Bulky substituents also suppress ligand-addition

reactions of the excited state, and formation of a fifth coordinate-covalent bond to the

(formally) copper(H) center of the excited state initiates a novel type of exciplex

quenching. 7.s,9 In 1983 Dietrich-Buchecker et al. showed that the reactive CT state of

Cu(dpp)2 ÷ is much less susceptible to exciplex formation than that of the less hindered

complex Cu(dmp)/.t° (dpp denotes 2,9-diphenyi- 1,10-phenanthroline, and drop denotes

2,9-dimethyl-1,10-phenanthroline.) Subsequent work involving alkyl substituents has

shown that the importance of exciplex quenching decreases as follows with a change of

substituent: 4

methyl > n-butyl > neo-pentyl > see-butyl.

However, if the substituents are too bulky, the ground-state complex itself becomes

unstable as a result of interligand steric interactions. Thus, attempts to isolate the

Cu(NN)2 ÷ complex carrying tert-butyl or mesityl substituents in the 2 and 9 positions

have proved unsuccessful, n'12 Recently, however, Karpishin and co-workers

characterized the complex with the 2,9-bis(trifluoromethyl)-1,10-phenanthroline ligand, t3

The present report shows that the coexistence of methyl substituents in the 3,8

positions and bulky substituents in the 2,9 positions of the phenanthroline produces a

more crowded coordination sphere and dramatically extends the excited-state lifetime.

The motivation for the investigation came from a recent study which showed that
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reductive quenching of the Cu(tptap)2 ÷ system is extremely facile. _4 (tptap is 2,3,6,%

tetraphenyl- 1,4,6, 7-tetraazzphenanthroline. ) The implication was that juxtapositioning

the phenyl substituents lent rigidity to the system and reduced the Franck-Condon barrier

to electron-transfer quenching. The ligands employed below are 2,9-di(n-butyl)-3,4,7,8-

tetramethyl- 1,10-phenanthroline (dbtmp) and 2,9-diphenyi-3,4,7,g-tetramethyl- 1,10-

phenanthroline (dptmp). The emitting CT states of the resulting Cu(NN)a + complexes

exhibit remarkably long lifetimes even in donor media; indeed, the dptmp system has the

longest excited-state lifetime ever measured for a Cu(NN)2 ÷ system in fluid solution.

EXPERIMENTAL

Materials. Scientific Products was the source of Burdick and Jackson high-

purity, distilled-in-glass-grade acetonitrile, N,N-dimethylformamide (DMF),

dichloromethane (DCM), and tetrahydrofuran (THF). The laser dye Coumarin 440 came

from Laser Science. The phea, dmp, 3,4,7,8-tetramethyl- I, 10-phenanthroline (tmp),

CuCIf2H20, KPF6, 2.0 M solutions of n-butyl lithium in hexanes and phenyl lithium in

diethyl ether were from Aldrich Chemical Co. G. F. Smith provided the 4,7-dimethyl-

1,10-phenanthroline (4,7-dmp). The complexes [Cu(dbp)2]PF6 and [Cu(dpp)2]PF6 were

on hand from previous studies. Is (dbp = 2,9-di(n-butyl)-l, 10-phenanthroline).

Methods. The general method for the addition ofthe 2,9 substituents to the

appropriate ligand precursor was that of Pallenburg and co-workers, n The desired

product was typically the first fraction that eluted from an alumina column with DCM as

the mobile phase. A published method sufficed for the preparation of all [Cu(NN)2]PF6

compounds. _6

2, 9-di (n-butyl)-4, 7-dimethyl- l , l O-phenanthroline (dbdmp). Recrystallization of

a pale yellow fraction off the alumina column yielded a white solid. Here and in all

subsequent tabulations the chemical shifts are relative to TMS. _H NMR (CDC13,/5 in

ppm): 7.92 (s, 2H), 7.34 (s, 2H), 3.19 (quartet, 4H), 2.74 (s, 6H), 1.88 (pentet, 4H),

1.51 (sextet, 4H), 1.00 (t, 6H).

m
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2, 9-di (n-butyl)-3, 4, 7,8-te trame thyl- l , l O-phenanthroline (dbtmp). The final

product was a white solid. IH NMR (CDCI_, 6 in ppm): 7.92 (s, 2H), 3.18 (quartet,

4H), 2.67 (s, 6I-I), 2.50 (s, 6I-I), 1.90 (pentet, 4I-I), 1.55 (sextet, 4H), 1.07 (t, 6H).

2, 9-¢ffphenyl-4, 7.dimethyl-l, 10-phenanthroline (dpdmp). The final product was

a pale yellow solid. _H HMR (CDC! 3, 6 in ppm): 8.49 (s, 4H), 8.00 (m, 4H), 7.55 (m,

6n), 2.85(s,

2, 9-diphenyl- 3, 4, 7, 8-re tramethy l- 1,10-phenanthroline (dptmp ). The final

product was a ¢roam-colored t_jstalline solid, mHNMR (CDCia, 6 in ppm): 8.09 (s,

2H), 7.70 (d, 4H), 7.45 (t, 2H), 7.15 (t, 4H), 2.78 (s, 6I-I), 2.50 (s, 6H)..

[Cu(dbdmp)2]pFe*½H20. This compound crystallized as an orange solid.

Calculated: 61.56% C, 6.58% H, 6.53% N. Found: 61.52% C, 6.55% H, 6.46% N.

The IH-NMR spectrum confirmed the presence of the lattice water.

[Cu(dbtmp)z]PF 6. ARer recrystalli .zation from water and ethanol, the solid was

orange brown. Calculated: 63.67% C, 7.12% H, 6.19% N. Found: 63.60% C, 6.81%

H, 6.17% N.

[Cu(dp_p)2]PF6"(CH_C(O)CHj). Recrystallization of a wine-red material from

water and ethanol yidded dark red crystals. Calculated: 63.25% C, 4.08% I-I, 5.67% N.

Found: 63.01% C, 4.15% H, 5.48% N. The IH-NMR spectrum confirmed the presence

of acetone.

[Cu(dptmp)2]pF6o½H20. Precipitation from water and ethanol yielded red

needles. Calculated: 67.63% C, 4.97% H, 5.66% N. Found: 67.37% C, 4.74% H,

5.63% N. The IH-NMR spectrum confirmed the presence of the lattice water.

Prior to luminescence, lifetime, or quenching studies, a series of freeze-pump-

thaw cycles removed dioxygen from the samples. A 525 nm long-pass filter protected

the photomultiplier tube from stray light, while a 450 nm notch filter helped isolate the

excitation wavelength. A user-written program provided fits to the luminescence decay

curves, and in all cases, the residual plots justified the use of a single exponential. The

internal reference for the NMR spectra was the residual proton signal of the CDCI3

solvent.
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Instrcm_nt_tion. The absorption and emission spectra came fTom Perkin-Elmer

Lambda 4C and SLM SPF 500C spectrophotometers, respectively. A description of the

lifetime apparatus is in the literature. |5 The tH-NMR spectrometer was a 200 MHz

Gemini unit. H. Daniel Lee performed the microanalyses at Purdue University.

RESULTS

Table 1 contains absorbance data for the CT transitions of a number of

Cu(phen)2 + derivatives. With or without other substituents present, the introduction of

alkyl substituents in the 2,9 positions induces a distinct bathochromic shift in the CT

maximum. The length of the carbon chain is not especially critical because Cu(dmp)2 +

absorbs at almost the same wavelength as Cu(dbp)2+. 4 Substituent effects are smaller at

other ring positions. Upon introduction of methyl substituents at the 4,7 or the 3,8

positions, the principal CT absorption band shifts to slightly shorter wavelengths.

Combinations of substituents at the 2,3,8,9 positions do, however, strongly impact the

emission spectrum. Whereas the dbdmp and the dbp systems exhibit almost the same

emission maximum and lifetime in DCM solution, the emission from Cu(dbtmp)2 + occurs

at a shorter wavelength and has a significantly longer lifetime (Table 1).

The dptmp system shows a similar effect in the emission spectrum and is no less

interesting from the point of view of absorption. Figure 1 reveals that the absorption

spectrum exhibits a maximum at 467 nm in DCM as well as a rather weak shoulder at

longer wavelengths. In contrast, the spectrum of the dpp or the dpdmp analogue has a

maximum at ca. 440 ran and prominent shoulder at around 560 nm (Figure 1).

Independent of the ligand, the absorption maximum remains constant, but the

emission maximum shifts to lower energy in polar solvents like DMF or acetonitrile

(Table 2). The emission lifetime is also sensitive to the solvent, but it does not correlate

with the polarity. Thus, the emission lifetime ofCu(dbtmp)2 + or Cu(dptmp)2 + is about

the same in DCM or acetonitrile but much shorter in DMF. Most notably, the lifetime of

the dptmp system in DCM is the longest yet reported for a Cu(NN)2 + system in room-

temperature, fluid solution.

g
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DISCUSSION

Absorption soectra. The shape of the visible absorption spectrum provides

important insights into the structure present in solution. Characteristically, Cu(NN)2 +

systems with approximate D2d symmetry exhibit an intense CT maximum in the

neighborhood of 450 nm along with a weak shoulder at longer wavelengths. Both

transitions relate to terms associated with the same HOMO -. LUMO excitation, t_'ls

However, in order to account for the existence and the polarization of the low-energy

shoulder, it is necessary to invoke a static or dynamic flattening distortion. _7.n The data

in Table I show that all complexes with n-butyl substituents in the 2,9 positions as well

as Cu(dptmp)2* exhibit spectra that conform to this classic pattern. In contrast, the

anomalous intensity of the shoulder in the spectrum of the dpp or the dpdmp complex

(Figure 1) reveals that some systems assume a highly flattened structure in solution.

Crystallographic reports establish that a significant distortion is possible. Thus, in the

solid state the dihedral angle between the two phenanthroline cores of the dpp system

deviates 10 - 20 ° from the ideal value of 90 ° (D2d symmetry), depending on the

counterion. _9'2° Even larger distortions are possible because the dihedral angle of the

copper(H) analogue is 118.9°. 2° The balance of forces includes steric effects and

conjugation between the phenyl substituents and the attached phenanthroline.t9 Such

resonance is not possible in the D2d structure which requires a 90 ° torsion angle for the

two phenyl substituents. In the case of the dptmp complex the 3,8 methyl substituents

should certainly promote the D2d structure as they tend to enforce a 90 ° torsion angle for

each phenyl substituent.

The wavelength of the CT absorption maximum varies markedly with the

substituents present at the 2,9 positions of the phenanthroline. However, the basis for

the variation is not clear. 2_ The fact that the transition tends to shift to longer

wavelength as the size of the substituent increases seems surprising. One might expect

larger substituents to lead to longer Cu-N distances and higher-energy CT absorptions.

The reason is that the excited state formally involves copper(H), an oxidation state that

favors shorter Cu-N bond distances. 2° The CT absorption energy is not solvent
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dependent because the Cu(NN), ÷ system does not have a ground-state dipole moment

that can specifically polarize the medium.

Phot0phvsical data. The marked influence the 3,8 methyl substituents have on

the luminescence is undoubtedly a steric effect. Whereas methyl substituents in the 4,7

positions have relatively little impact, methyl substituents in the 3,8 positions

significantly restrict the conformational fi'eedom of groups in the 2,9 positions. In the

case of the dbtmp complex, for example, this is equivalent to increasing the effective size

of the n-butyl groups. Consequently, the emission energy and the excited-state lifetime

increase due to a reduction in structural relaxation. With phenyi groups in the 2,9

positions, the dptmp system exhibits an even longer excited-state lifetime. Till now, the

dsbp complex had the longest reported lifetime (400 ns) for a photoexcited Cu(NN)2 ÷

system in fluid solution. 4 (dsbp denotes 2,9-di(sec-butyl)-l, 10-phenanthroline.) Aside

from having a longer lived excited-state, the dptmp system is a better benchmark because

the dsbp complex exists as a mixture of optical isomers.

Unlike the absorption, the emission is quite sensitive to the solvent medium. One

obvious effect is the decrease in the emission energy as the dielectric constant increases.

The probable explanation is that the CT state develops a dipole moment and CuZ+-(NN)"

character as the excitation localizes in the _* orbital of one of the ligands. 22

Consequently, polar media more effectively solvate the relaxed CT state, and this

produces a decrease in the emission energy. However, the same effect is not responsible

for the trend in lifetimes because the emission from Cu(dbtmp)_ ÷ occurs at the same

wavelength in acetonitrile and DCM, yet the lifetime is much shorter in DMF. Solvent-

induced exciplex quenching is evidently also a significant factor. As the Gutmann donor

numbers reveal, 23DMF is a much stronger Lewis base than acetonitrile and is therefore a

more effective quencher. The results in Table 2 demonstrate that the addition of the 3,8

methyl groups also inhibits exciplex quenching. Inhibition occurs because the increase in

interligand steric interactions destabilizes the five-coordinate form of copper. 4's'l° Thus,

the Cu(dbtmp)2 ÷ system has a much longer excited-state lifetime than the analogous dbp

complex in acetonitrile. For the same reason the emissive state of Cu(dbtmp)2 + has a
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lifetime of 320 ns in acetonitrile, whereas the lifetime ofdsbp complex is only 130 ns. _

This is despite the fact that the 2,9 substituents, themselves, are larger in the case of the

dsbp figand.

CONCLUSIONS

In combination with adjacent n-butyl or phenyl groups, methyl substituents in the

3,8 positions ofbis-phenanthroline copper(I) complexes have a dramatic influence on the

photochemical and photophysical properties. For the 2,9-diphenyl derivative, the

presence of the 3,8 methyl groups destabilizes the flattened tetrahedral structure and

forces the ground state to adopt a D_-like geometry. Likewise, the same tetragonal

distortion is less favorable in the CT excited state, and the emission therefore occurs at a

higher energy. In dichioromethane the emission lifetime increases to 480 ns, the longest

yet reported for a Cu(NN)_ + system. Finally, the back-to-back substituents combine to

destabilize five-coordinate forms of the copper center and thereby suppress solvent-

induced exciplex quenching. As a result, the dptmp complex exhibits a lifetime upwards

of 100 ns even in donor media.
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Table 1. Room-Temperature Absorption and Emission Data for Cu(NN)2 ÷ Systems in

CH2CIz.

Ligand _.m(abs), run _.,_,(em) °, nm % ns

phen 440 - -

4,7-dmp 434 - -

trap 430 -

dbp 457 670 150

dbdmp 456 670 145

dbtmp 453 635 330

dpp 440 685 270

560sh

dpdmp 440 685 310

550sh

dptmp 467 670 480

"From uncorrected spectrum.
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Table 2. Solvent Dependence of Room-Temperature Emission from Cu(NN)2 ÷ Systems"

MeCN THF DMF

NN _.mK, nm _, ns _m, nm _, ns _.affic, nm 1_, ns

dbp 690 35 680 50 690 <10ns

dbtmp 650 320 640 330 650 140

dpp 715 120 710 190 700 70

dptmp 690 255 685 365 685 70

"All emission maxima from uncorrected spectra
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Figure 1. Absorption spectra of A: Cu(dptmp)2 +, B: Cu(dpdmp)2 + and emission

spectrum of Cu(dptmp)2 + (C) in DCM at room temperature.
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CHAPTER 1

LUMINESCENT MOLECULAR TEMPERATURE SENSORS

Introduction

The synthesis of paint additives that have the ability to sense changes in

temperature and or pressure is an area that is rapidly expanding, t' x s The application of

this kind of technology falls into two major categories, aerodynamics and biology.

Applying this to aerodynamics involves mixing the desired compounds into a polymer

and applying this paint on wind tunnel models, turbine blades, even airplane wings. 2 The

information these sensors give back can be used to measure temperature, pressure, air

flow, etc. Scheme 1.1 shows a schematic of the experimental setup for application of

this type of sensor. This kind of sensor (thin surface film) is very desirable because it is a

very non-destructive and non-invasive way to characterize a system. The pressure taps

and thermocouples primarily used today do not allow for complete surface mapping, nor

do they allow for testing without incorporating the sensors and the appropriate cables

into the model. _ In other words, a pressure tap or thermocouple requires the model to

be structurally modified to hold the sensor, which can change the properties of the

model. Mounting these sensors into a model could disrupt strength, increase stress, and

can disrupt air flow, not to mention the cost involved in machining. By using a

luminescent, thin film sensor that covers the surface, optical data can be sent to remote

detectors located outside the wind tunnels with essentially no modification to the model.

Also, since the entire model can be coated and measured, the data collected allows the

entire model to be mapped, giving surfaces instead of data points. _'3 There are two main

types of luminescent chemical sensors in use today, pressure sensing paints (PSP) _'2 and

temperature sensing paints (TSP). _'3
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Light Detector

Source

Paint Layer

Tunnel Model

Scheme 1.1. Schematic showing the experimental setup for a luminescent molecular

sensor in a wind tunnel.

For the PSP's, an intense emission under anaerobic conditions that decreases

dramatically as oxygen is introduced is desired. To date, several different types of

compounds have been tested and it seems that tris(4,7-diphenyl-1,10-phenanthroline)

ruthenium(H), as well as several porphyrins and laser dyes, work well here. 1 These

compounds all have very intense room temperature emission that is adversely affected

when oxygen is introduced. One difficulty in creating a very effective PSP is the juggling

act that must be performed with the many factors that can affect the response of a PSP.

For instance, if the sensor is a cationic coordination compound, the anion plays a major

role in determining the solubility of the sensor in both the solvent and the paint. _

Probably the most important factor is the polymer binder, since the oxygen molecule

must travel through the binder to reach the sensor, s These and many other factors have

been investigated and reported by others and will not be the focus of this project, m's

For TSP's, there are several factors that figure in. The first is the temperature

range of interest. 3 This is mostly determined by the facility since most wind tunnels are

designed for use at specific temperatures. The lowest temperature range is

approximately 100K to 150K, used in cryogenic wind tunnels. The paints that work in



this temperature region are called cryogenic TSP's, and are the focus of this research

report. To date, the best sensors have been based on [Ru(trpy)z] 2÷ (where trpy =

2,2':6',2"-terpyridine)? An effective temperature sensor will be one which shows a

dramatic change in luminescence intensity over a small temperature range and is

consistent data in more than one binder.

Starting with the [Ru(trpy)2] 2+ base, the easiest way to make changes is to add

functional groups to one of the terpyridine iigands. Based on the response of the new

sensors, it should be apparent which combination offigands gives the best sensor. This

report deals with the design and synthesis ofterpyridine ligands and their use in creating

new cryogenic sensors.

Experimental

Materials

All of the aldehydes and acetyl compounds, along with the Nail, ammonium

acetate, paraformaldehyde, dimethylammonium chloride, iodine, triflic anhydride, RuCI3,

KPFe, NaBPh4, terpyridine, and 4'-chloro-terpyridine (Cl-trpy) were purchased from

Aldrich and used as is. All solvents, except THF, were of reagent grade unless noted.

The THF was distilled over Na metal and benzophenone under nitrogen to remove trace

water. The deuterated solvents were purchased from Cambridge Isotope Laboratories.

The ligands 4°-methylthio-2,2':6',2"-terpyridine (MeS-trpy) and 4'-methylsulfonyl-

2,2':6',2"-terpyridine (MeSO2-trpy) were available from a previous study. _4

Instrumentation

NMR spectra were recorded on a Gemini 200 MHz spectrometer and referenced

to the residual proton of the solvent. Infrared spectra were recorded on a Perkin-Elrner

IR spectrometer as nujol mulls. UV-Visible and emission spectra were measured on

Perkin-Elmer Lambda 4C and SLM SPF 500C spectrophotometers, respectively. A



descriptionof the lifetimeapparatusis in the literature. |_ Luminophores were calibrated

on the bench setup in the literature. 3 These calibrations were ran by Rick Erausquin.

Wind tunnel measurements were performed by Dr. Keisuke Asai and his support staff at

the National Aerospace Laboratory in Japan.

Preparations

The ligands 4'ophenyl-2,2':6'-2"-terpyridine (ph-trpy), s 4'-(4opyridyi)-2,2':6'-2"-

terpyridine (4-pyotrpy),' 4'-(3-pyridyl)-2,2':6'-2"-terpyridine 0-py-trpy),' 4'-(2-pyridyl)-

2,2':6'-2"-terpyridine (2-py-trpy), 7 4'-pentafluorophenyl-2,2':6'-2"-terpyridine (CcYs-

trpy), 6 4'-p-bromophenyl-2,2':6'-2"-terpyridine (p-Br-ph-trpy), s 4'-p-chlorophenyl-2,2':6'-

2"-terpyridine (p-Cl-ph-trpy), 6 4'-p-nitrophenyl-2,2':6'-2"-terpyridine (poNO2-ph-trpy), 7"1°

2,6-bis(pyrazinyl)-pyridine (zyz), _12,6-bis(2-pyridyl)-4-pyridone (HO-trpy), _" 13 2,6-

bis(pyrazinyl)-4-pyridone (HO-zyz), _2"134'-triflato-2,2':6'-2"-terpyridine (TfO-trpy), _2

2,6-bis(pyrazinyl)-4-triflato-pyridine (TfO-zyz), _ 4'-dimethylamino-2,2':6'-2"-terpyridine

(Me2N.trpy),l_, _s 4'-ethoxy-2,2':6'-2"-terpyridine (EtOotrpy), _3 2,4,6-triphenyl-

pyfidine, 7"_°4,6-diphenyl-2,2'-bipyridine, 7"1°and 6,6"-diphenyl-2,2':6'-2"-terpyr idine16"_s

were all prepared by literature methods using the appropriate starting materials. Tables

1.1 and 1.2 list the UVoVis absorption and proton NMR data on all the prepared ligands,

respectively.

w

/



Table 1.1. UV-Vis data for selected terpyridine ligands, in CH3CN , unless noted.

Ligand _ (rim)

trpy 310, 274, 251 •

4'-HO-trpy 278, 248

4'-TfO-trpy 277, 238

4'-phenyl-trpy 307, 275, 250

4'-p-NO2-phenyl-trpy 284, 249, 241 •

4'-(4-pyridyl)-trpy 312, 275, 240

4'-(3-pyridyl)-trpy 307, 275, 245

4'-(2-pyridyl)-trpy 316, 277, 243

zyz 284, 241,229

• in diethyl ether

a

Scheme 1.1. Labeling scheme for NMR data.

x

N N_.,.. b
a
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Table 1.2. _H _ data for terpyridine ligands, in CDCI 3.

Li_.d

upy

4'-HO-trpy

4'-TlO-upy

4'-Cl-trpy

4'-EtO-trpy

4'-Me_N-trpy

4'-N-piperidinyl -trpy

4'-N-piperazinyl 4.rpy

4'-ph-trpy

4'-p-Cl-ph-trpy

4'-p-Br-ph-trpy

4'-p-NO2-ph-trpy

4'-C_'5-trpy

4-py-trpy

3 -py-trpy

2-py-trpy

zyz

4-HO-zyz

4-TfO-zyz

6,6"-diphenyl-trpy

4,6-diphenyl-bipy

2,4,6-triphenyl-pyridine

a b c d e

8.73 7.36 7.86 8.64 8.47

8.75 7.4 7.85 7.93 7.34

8.73 7.4 7.9 8.63 8.43

8.7 7.35 7.85 8.6 8.48

8.7 7.34 7.87 8.63 8.2

8.67 7.3 7.83 8.62 7.78

8.67 7.3 7.83 8.62 7.93

8.66 7.29 7.82 8.62 7.94

8.74 7.37 7.9 8.69 8.77

8.74 7.37 7.89 8.65 8.70

8.73 7.37 7.89 8.67 8.7

8.72 7.37 7.88 8.66 8.73

8.72 7.36 7.89 8.67 8.55

8.74 7.39 7.9 8.69 8.77

other

8.0
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II1-18

m-63
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3.2 HI-53
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7.85, 7.48

7.79, 7.64

IlI-106

111-121

111-74

_-1

_3

H-1248.35, 8.02

11"I-58

8.77, 7.8 IH-59

I11-74

111-70

8.75 7.38 7.9 8.69 8.75 9.14, 8.75, 8.18, 7.45

8.8, 8.66, 7.83, 7.35

7.99

8.74 7.35 7.87 8.66 9.1

8.63 8.63 9.8 8.44

8.17 8.17 9.3 7.47

8.73 8.73 9.83 8.43

7.82 7.98 8.64 8.72

8.23 7.35 7.96 8.7 8.0

7.93

7.51, 7.98, 8.21

7.52

7.52, 7.78, 8.25

II-150

1II-45

IV-26

V-I I, 15

m-143

IH-133
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All of the ruthenium compounds were synthesized and purified by following

literature methods._9 Metathesis reactions, when necessary, were performed by

dissolving the ruthenium complex in acetone and adding the desired anion as a

concentrated solution in water or in a mixture of acetone and water. Evaporation of the

acetone resulted in precipitation of the ruthenium complex with the desired anion.

1,5-bis(2-pyridyl)-3-phenyl-l,5-pentanedione 01-72). s White solid, yield: 1.934

g (5.85 retool) 66%. UV-Vis in EhO: 266 nm, 227 nm. IR Vc-o in nujol oil: 1689 cm"

_H NMR in CDCI3:3.7 ppm (m, 4I-I), 4.15 ppm _, 1H), 7.15 ppm (d, IH), 7.24 ppm

(t, 2H), 7.37 ppm (d, 2H), 7.43 ppm (ddd, 2H), 7.67 ppm (dt, 2H), 7.94 ppm (d, 2I-I),

8.63 ppm (d, 2H).

1-(2-pyfidyl)-3-(p-nitrophenyl)-propenone (II-113). 6 Pale yellow solid, yield:

6.290 g (24.74 retool) 92%. UV-Vis in Et20:314 nm. IR Vc_o in nujol oil: 1653 cm "l,

Vs.o: 1636 em "t. tHNMR in CDCI3:7.51 ppm (ddd, 1H), 7.86 ppm (m, 4H), 8.18 ppm

(d, lift), 8.25 ppm (d, 2H), 8.41 ppm (d, 1H), 8.74 ppm (d, 1H).

N-{ 1-(2'-pyfidyl)-l-oxo-2-ethyl}pyfidinium iodide (II-111). 20'2t Yellow product.

IRvc= o in nujol oil: 1627 cm "t. _H NMR in DMSO-d6:6.50 ppm (s, 2I-I), 7.84 ppm (dt,

lI-I), 8.10 ppm (m, 2H), 8.27 ppm (t, 2H), 8.73 ppm (t, 1H), 8.87 ppm (d, 1H), 9.00

ppm (d, 2H).

1-pyrazinyl-3-dimethylaminopropanone (II-132). n White product, yield: 98 mg

of white solid, only 64.3 % pure by NMR, 63 mg (0.352 mmol) 4.3%. IH NMR in

CDCI3:2.86 ppm (s, 6H), 3.51 ppm (brd. s, 2H), 3.92 ppm (brd s, 2H), 8.64 ppm (s,

1H), 8.78 ppm (s, lI-I), 9.20 ppm (s, 1H).

N-{ l-(2'-pyrazinyl)- 1-oxo-2-ethyl }pyfidinium iodide (II- 146).20' 2t Light beige

product. IR Vc-o in nujol oil: 1699 cm "l. _H NMR in DMSO-d6:6.49 ppm (s, 2H),

8.29 ppm (t, 2H), 8.75 ppm (t, IH), 8.98 (m, 3H), 9.07 ppm (d, 1H), 9.25 (d, 1H).

1,5-bis(2-pyridyl)pentane-1,3,5-tfione (111-4, HI-26). n' t3 Light mustard yellow

solid: _H N'MR in CDCI3:8.65 ppm (d, 2H), 8.05 ppm (q, 2H), 7.8 ppm (t, 2H), 7.38

ppm (d, 2I-I), 6.78 ppm (s, 1.75H), 4.4 ppm (s, 0.75 H). IR in nujol: Vc=o 1619 cm "_,

1558 cm "_. UV-Vis in CH3CN: 379 run, 315 nm, 231 nm.



1,5-bis(pyrazinyl)pentane-l,3,5-tfione(HI-43)._ 13 Orange solid, yield: 1.4 g

(5.18 mmol) 60%. tH NMR in CDCI3:8.90 ppm (s), 8.5 ppm (d),8.45 ppm (d), 7.25

ppm (s), 6.58 ppm (s). UV-Vis in CH3CN: 382 rim, 321 rim, 268 rim, 220 rim.

4'-(N-pipefidinyl)-2,2':6'-2"-terpyfidine (m-106). 541 nag (2.02 mmol) 4'-chloro-

terpyfidine was brought to reflux in a 25 mL rb flask containing 10 mL pipefidine. This

mixture was allowed to reflux overnight, whereupon a white ppt. had formed. After

cooling to room temperature, this yellow-brown solution was poured onto 100 mL of ice

and water. Lots of white solid formed immediately. This was filtered offend washed

with ample amounts of water. Proton NMR of this material (in CDCI3) showed residual

protons from the starting material so the product was treated a second time, in the same

manner, with pipefidine. Following the same work-up, this material gave a pure NMR

spectrum, with the proper integration. Yield: 560 mg (1.8 mmol) 89%. _H NMR in

CDCI3:8.68 ppm (d, 2H), 8.66 ppm (d, 2H), 7.93 ppm (s, 2H), 7.83 ppm (t, 2H), 7.3

ppm (q, 2H + CHCI3), 3.55 ppm (broad s, 4H), 1.70 ppm (broad s, 6H).

4'-(N-piperazinyl)-2,2':6'-2"-terpyridine (III-121). Same procedure as for 4'-(N-

piperidinyl)-terpyridine, utilizing 407 mg (1.52 retool) 4'-chloro-terpyridine and 15 g

(174 mmol) solid piperazine. Heating at ~140°C overnight followed by the same

workup provided a pure (by NMR) sample. Yield: 473 mg (1.49 retool) 98%. IH NMR

in CDCI3:8.65 ppm (m, 4I-I), 7.93 ppm (s, 2I-I), 7.84 ppm (t, 2H), 7.3 ppm (q, 2H +

CHCI3), 4.1 ppm (broad, -1H), 3.55 ppm (broad t, 4H), 3.08 ppm (broad t, 4H).

1-(2-pyridyi)-3-phenyl-propenone (II-177). 6 Yellow product. IH NMR in

CDCI3:7.42 ppm (m, 3H), 7.49 ppm (ddd, lI-I), 7.74 ppm (m, 2H), 7.88 ppm (dt, 1H),

7.95 ppm (d, 1H), 8.20 ppm (d, lI-I), 8.32 ppm (d, lI-I), 8.75 ppm (d, 1H).

N-{ 1-(2'-phenyl)-l-oxo-2-ethyl}pyridinium iodide (HI-130). 2°'21 Pale brown

powder, yield: 36.7 g (113.2 retool) 94%. IHNMR in DMSO-d6:6.6 ppm (s, 2I-I),

7.67 ppm (t, 2H), 8.1 ppm (m, 4H), 8.63 ppm (t, 1H), 8.78 ppm (t, 1H), 9.07 ppm (d,

2I-I).

Bis-[3-(dimethylamino)vinyl-2,6-pyridyl ketone (V-13). t6"n Pale brown solid, tH

NMR in CDCI3:8.22 ppm (d, 2I-I), 7.9 ppm (m, 3H), 6.6 ppm (d, 2H), 3.2 ppm (s, 6H'),

3.0 ppm (s, 6H).
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Synthesis

Ring-forming condensation (RFC) reactions make up the bulk oftrpy synthesis. =

These types of rea_ion schemes are usually based on the idea of taking the outer pieces,

with the appropriate functional groups, and bringing them together while forming the

central pyridine ring. The main RFC routes are shown in Scheme 1.2.

The dione route is the simplest of all the RFC reactions and works fairly well,

when it is applicable. This pathway involves an Aldol condensation followed by a

Michael addition, creating the 1,5-dione intermediate, 6which then undergoes a RFC

reaction, forming the central pyridine ring. This type of reaction was one of the first

non-metal-mediated coupling pathways utilized to prepare 4'-aryl-terpyridines.

This route leads to 4'-aryl terpyridines in a relatively good yield under very

simple reaction conditions. However, this route is not applicable to all aryl aldehydes.

Unsubstituted to mildly substituted aldehydes work best. For example, benzaldehyde, 6

2-, 3-, and 4-pyridine 7 carboxaldehyde all work very well and both the intermediate and

final product are relatively pure, straight from the reaction mixture. The presence of a

para Br, Cl, or CH 3 usually led to a gum-like dione product, which can be used directly

in the next step, but does present some problems in characterizing the intermediate.

The exact reason for the gooey product is unclear. Different solvents (iso-

propanol and butanols) and different ethanol concentrations have no effect on its

formation. Regardless, the RFC reaction will still proceed on the gooey material and a

pure terpyridine ligand is isolable without any extra work. E. C. Constable claims 7 that

methanol titration of the gooey product will give a white precipitate, but it was unclear

exactly how this is done and was therefore not investigated further since the goo

produces a pure product.

In addition to the gooey product, if acetyl-pyrazine is used instead of acetyl-

pyridine, a nice white powder is formed, which analyzes as some kind of oligomer that
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Scheme 1.2. Summary offing-forming condensation (RFC) reactions.
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has well defined _H NMP, peaks from 1 ppm to 9 ppm almost continuously. This

material is formed, regardless of the conditions, consistently in the reaction between

acetyl-pyrazine and benzaldehyde.

The presence of strong functional groups (nitro, amino, methoxy) leads to the

formation of highly colored precipitates. These precipitates analyze to be the

corresponding chalcones (_13-ene-one product) and not the diones as was expected.

These were not anticipated initially, but literature searches confirmed them as products

and also how they could be convened to the corresponding terpyridine ligands. TM

The trione route is based on the dione route, and leads, with decent yield, to

2,6_bis(2.pyridyl).4_pyridone 12,13 Synthesis of the pyridone is based on a crossed

Claisen condensation between the pyridyl ethyl ester and acetone, creating the trione

product. Condensation of the two outer ketones with one equivalent of ammonium

acetate creates the pyridone ring, which can tautomerize to give the 4'-hydroxyl-trpy

derivative. This is facilitated by the presence of metal ions. _3This reaction scheme also

works on acetyl-pyrazine, creating 2,6-bis(pyrazinyl)-4-pyridone in excellent yield.

The Mannich base route offers a pathway to create unsubstituted central ring

derivatives and has been used to synthesize several new ligands, u It utilizes the Mannich

base generated in the reaction between an acetyl-pyridine derivative, dimethylammonium

chloride, and paraforrnaldehyde. This then undergoes a Michael-type reaction, forming a

non-isolable 1,5-dion-2-ene intermediate, which undergoes a RFC reaction to form the

central ring. Formation of the Mannich base can be done in either acidic or basic

conditions. _ Alternatively, the Mannich base may be prepared by addition of the acetyl-

derivative to an iminium reagent, as shown in Scheme 1.3. 24

In our hands, for both pyrazine and pyridine, the corresponding Mannich bases

were extremely difficult to synthesize, regardless of the conditions. Mostly a brown tar

would be formed that had a strong amine stench to it. This material would not

chromatograph well and TLC analysis showed a mixture of products. Synthesis via the

Mannich base route was scrapped.
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Scheme 1.3. Mannich base synthesis using an iminium reagent.

The chalcone/pyddinium and chalcone/enolate pathways are both used quite

fi,equently to synthesize trpy derivatives. 2_ 25 They work well for trpy derivatives that do

not form the dione, due to solubility reasons, etc. In both cases the first step of the

synthesis is the Aldol condensation of the acetyl-derivative with an aromatic aldehyde to

form the chalcone. The second step is the Michael addition of an activated acetyl-

derivative, either a preformed enolate or a stabilized enolate, to presumably create a 1,5-

dion-2-ene intermediate, s This then condenses to form the central ring. Overall, this

reaction scheme is more commonly referred to as the KrOhnke synthesis s and has been

exploited very effectively by E.C. Constable et al9 see Scheme 1.4.

The chalcone./pyridinium route was the first route examined in converting

chalcones to terpyridines. The preparation of the pyridinium iodide salt was the first

step. This reaction was in the literature, 2° but the purification and spectroscopic data

(other than Vc=o) was unavailable. Correspondence with Grant Summerton, of Dr. John

Field's group in Natal, South Africa, lead to a simple purification involving a short reflux

in ethanol with decolofizing charcoal. 21

The pyridinium reagent is fairly interesting in itself. Based on the reaction and

inductive arguments, it would seem that this reagent is a stabilized carbocation. This is

very unlikely since the carbonyl carbon is already electrophilic in nature and the presence

of two adjacent partial positive charges seems rather unlikely. 26 A better way of viewing

this compound is by treating it as a stabilized enolate. In this case, even though the or-

methylene is bound to a quaternary nitrogen, the hydrogens are still acidic and the

carbon is therefore nucleophilic in nature and will undergo Michael-type reactions. 2_



O

_ KOtBu D
THF

Ar

13

o

pyridine
Ar Ar

Scheme 1.4. Summary of the Kr6hnke synthesis.

Once a pure pyridinium salt was obtained, examination of the literature revealed

several different experimental conditions for the formation ofterpyridines from

chalcones and pyridinium salts. TM With electron withdrawing groups, the reactions

seemed to work best with just an ethanol reflux and ammonium acetate overnight. With

electron donating groups present on the benzene ring, nothing seemed to work. It is not

clear why, as there are literature reports ofterpyridine ligand synthesis bearing electron

donating substituents performed in this fashion. A solution to this problem was referred

to in a review article 2_which turned out to be useful in synthesizing electron donating

terpyridines as well as some sterically demanding terpyridines. This method has been

utilized very effectively by Michalec et al _8as well as E. C. Constable and co-workers. 9

This method is the chalcone/enolate route.

The chalcone/enolate route involves treating the chalcone with a preformed

potassium enolate of acetyl-pyridine followed by treatment with acetic acid and

ammonium acetate. The reaction itself works pretty well but the best method of

purification is yet to be determined.
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The thioacetal route has been pioneered by K.T. Potts et al.z_ This synthetic

scheme produces 4'-methylthio-trpy, in which the IVieS group can be converted to

several different functional groups, including hydrogen. _ This route is based on the

chalconeJenolate pathway to some degree. In this case the bis(methylthioether)-eneone

is synthesized, then treated with an enolate species, followed by condensation to give the

corresponding trpy derivative in a Michael-type reaction, see Scheme 1.5. The

bis(methylthioether) functionality activates the alkene for attack to create a 1,5-dione-2-

ene intermediate that is usually not isolated. This method has relatively good yields, but

the release ofmethylthiol, which never seems to leave the product, TM makes this pathway

somewhat unpleasant. Also, the remaining methylthioether functionality is somewhat

difficult to remove? 6

2) cs2(xs)

3) Mel (xs) OAc

o
KOtBu, thf

SM_

O SMeO
NH4OAc

Scheme 1.5. Summary of the thioacetal method.

-HSMe

The last route has very recently crept into the forefront oftrpy synthesis. 6'_ This

reaction is similar to the thioacetal route, except it uses an enaminone to react with the

enolate. This reaction most likely, again, forms a 1,5-dione-2-ene intermediate that

condenses to form the central ring, see Scheme 1.6. This method has been used to

prepare unsubstituted terpyridine in 2 steps, with excellent yield. TM It has also been used

to prepare some trpy derivatives and is a very straightforward route to these ligands. 17
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One appealing feature of this preparation is the fact that it leaves the central ring

unsubstituted. Until now, this was not an easy task, see the Mannich base discussion

above. Other notable characteristics about this reaction are the rather high yield it offers

and its applicability.

One of the main reasons for the high yield is the ability to obtain an almost

quantitative yield of the starting enaminone. Reaction of acetyl-pyridine with

dimethylformamide dimethyl acetai produces the enaminone and methanol. If the

methanol is distilled off during the reaction,_6 the equilibrium is forced towards the

product side. Purification is accomplished by precipitating the product and filtering.

Analysis of the filtrate indicates it is mostly unreacted acetyl-pyridine with some product.

By treating the mother liquor with another equivalent of dimethylformamide acetal, more

enaminone is formed and the reaction nears 100% yield.

Another interesting point is that this route seems to be the only one so far that is

complctely applicable to all the nitrogen heterocycles. Terpyridine derivatives based on

pyridine and pyrimidine have already been synthesized, _ see Scheme 1.7, and there is no

reason to suggest that pyrazine, quinolines, and other diazines would not work. This

reaction also works with 2,6-diacetyl-pyridine, which makes it ideal for synthesizing

6,6"-disubstituted terpyridines.



Scheme 1.7. Terpyridine ligands synthesized using acetyl-pyridine derivatives.
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Functional Group Transformation Reactions

There are many examples of synthetic functional group transformations in

terpyridine chemsitry, see Scheme 1.8. For the most part these reactions work as

reported in the literature. The one exception is the conversion of 4'-chloro-terpyridine

into 4'-dimethylamino-terpyridine. 3° Constable claims that chelation of 4'-Cl-trpy around

Fe(II), refluxing in ethanol with dimethylammonium chloride and KOH, then oxidation

of the iron produces the desired product in good yield. 3° In our work, no such reaction

occurred with dimethylammonium chloride, diethyi amine, or piperidine. The chloride

derivative could be converted, however, by simple reflux in the neat amine (to give the

piperidine and piperazine derivatives) or HMPA ms(to give the dimethylamine derivative).

This type of reaction is much more straightforward and the work-up is simple. The

yields of these reactions also were higher than the reported values. These types of

reactions did not work on converting p-halogen-phenyl-terpyridine derivatives into their

corresponding amino derivatives.

Potts and co-workers have done extensive work with the methylthioether

functionality. 29 They have shown how to convert the alkyl thiol into a sulfonyl, alkyl,

even an aldehyde. They have also shown how to synthesize a 4'-triflato-terpyridine

derivative which allows for palladium catalyzed coupling reactions to be investigated. _2

Electronically and sterically tuned terpyridines represent the next wave of these

ligands and promise to hold some very interesting chemistry. The limiting reagent is the

fact that terpyridine chemistry has only some similarities to pyridine chemistry and even

fewer to benzene chemistry. This limited understanding is growing everyday and soon

very elaborate ligands should be available with only limited synthetic effort.

u
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NMR Data

All the terpyddine ligands synthesized in this project have similar chemical shifts

for the outer ring protons, which is not surprising based on the limited interaction the

three rings would have, in the metal-free case. The e proton (3' and 5' hydrogens) shows

the most change in the chemical shift. This proton shifts to a higher field (lower

chemical shift) as the x-donating ability of the 4' substituent increases. For example, the

chemical shift decreases in the order H, TfO, EtO, N-pipefidinyl, MeqN. This is

consistent with the idea that the stronger x<lonating amines can conjugate with the ring

x-system more, thus decreasing the amount of shielding of the ring hydrogens by placing

more electron density on the protons? 1 Conversely, with the electron withdrawing C1

group, the e proton is shielded more and the chemical shift moves to a slightly lower

field (higher chemical shift) since it pulls electron density away from the proton? _ These

effects are also seen with substituted benzene complexes? 1 If the terpyridine is

substituted in the 4' position with a phenyl ring, the e proton shift does not change as

much when the phenyl ring is substituted. The main differences in these compounds are

the locations of the phenyl protons, due to their proximity to the functional groups.

D

Ruthenium Terpyridines

The photophysical properties of the ruthenium(H)terpyfidines synthesized with

the aforementioned ligands are tabulated below in Table 1.3, and some representative

spectra are shown in Figure 1.1. Previously reported compounds agree with reported

values, and the new compounds seem to follow the same trends) 9 One of the new

compounds, [Ru(trpy)(NC-trpY)] 2÷,proved difficult to purify. The impurity seemed to

he [Ru(trpy)2] _+,which only shows up during low temperature emission scans. The

impurity seemed traceable hack to the starting material gu(trpy)Cl3. Boiling ethanol

extractions and synthesis ofgu(trpy)Ci3 in the presence of excess NaC! seemed to help

considerably. The room temperature lifetime value for [Ru(trpy)(NC-trpy)] z+ is one of

the longest for simple bis-terpyfidine ruthenium complexes.
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Figure 1.1. Representative emission spectra of [gu(X-trpy)(Y-trpy)] z+ complexes at

room temperature and 77K. A) [Ru(trpy)2] 2÷ in butyronitrile glass at 77K. B) [gu(NC-

trpy)z] 2+in butyronitrile glass at 77K. C) [R.u(NC-trpy)z] 2+ in acetonitrile at room

temperature. D) [Ru(ppd-trpy)z] z+ in butyronitrile glass at 77K.

Sensor Calibrations

Calibration of the ruthenium complexes as temperature sensors was handled very

effectively by the bench setup designed by Rick Erausquin of Dr. John Sullivan's

laboratory. The emission intensity was monitored from 100K up to 300K. The faster

the emission intensity drops as the temperature increases, the more sensitive the paint.

Figure 1.2 shows the response of some of the new terpyridine complexes along with the

benchmark sensor, VH-127, which was donated to the Sullivafi laboratory by Prof R.

Thummel. The steep slope of the VH-127 compound makes it a very desirable

compound, while its elaborate and involved synthesis makes it a very undesirable

compound.
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Table 1.3.

in CH3CN

Room temperature photophysical data for [Ru(X-trpy)(Y-trpy)] 2÷ complexes.
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Figure 1.2. Intensity versus temperature calibration plots. In A, the triangle is HNC, the

line is I-IMeSO2, the square is HMeS, and the circle is Hppd. In B, the triangle is HVH-

127, the line is ppdppd, the square is Hph, and the circle is HH.
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Wind Tunnel Evaluation

Some of the new terpyridine compounds were tested in the cryogenic wind

tunnel at the National Aerospace Laboratory (NAL) in Japan by Dr. Keisuke Asai.

However, none of the new compounds were able to generate the emission signal that

[Ru(trpy)2] 2+can at temperatures between 100 and 150K. Figure 1.3 shows the

response of a [Ru(trpy)z] 2+based paint in the NAL cryogenic wind tunnel. This data was

taken by Dr. John Sullivan, Dr. Keisuke Asai, and the cryogenic wind tunnel support

staff at NAL. The model was a circular arc bump and the tunnel temperature was 150K.

The picture is generated by taking a reference picture at Mach 0.25, then another picture

at Mach 0.75. The ratio of the second photo to the first gives the image shown. The

faint line about 3/4 of the way back is a shock wave. The temperature difference across

the shock wave is -5°C. The dot followed by a triangular region is a small "bump"

placed at the front of the model to induce turbulent flow as a test to see if the paint will

in fact respond to such a small change in temperature. The gray scale is artificial.

Figure 1.3. [Ru(trpy)_] 2+in GP-197 binder in NAL's cryogenic wind tunnel.
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Discussion

Photophysics

The photophysical data reported here for this series of [Ru(X-trpy)(Y-trpy)] 2÷

complexes agrees with the literature data and these compounds follow the same trends.19

The compounds all show a decrease in emission energy, relative to [Ru(trpy)2] 2÷,

regardless of the 4' substituent and an increase in room temperature excited state lifetime

when the 4' substituent is strongly electron withdrawing.

The photophysical trends are explained by examining the effects the substituents

have on the _* orbital of the trpy iigand and on the lower energy t_ orbitals of the metal

center. The two types of functionalities placed on the trpy ligands are electron

withdrawing (referred to as A) and electron donating (referred to as D). The _* and t2s

orbitals are important because the absorption responsible for emission is metal-to-ligand

charge transfer (MLCT) in origin. The MLCT takes a t_ electron and places it in the

ligand 7c* orbital, thus, they are the two most important orbitals used in predicting

changes in electronic structure. Scheme 1.9 shows an energy level diagram showing the

_* and t2s orbitals for a generic bis-trpy ruthenium compound.

t2g

........

[Ru(trpy)2]2+ [Ru(A-trpy)2]2+ [Ru(D-trpy)2]2+ [Ru(A-trpy)(D-trpy)] 2+

Scheme 1.9. Schematic of energy levels and the changes due to the presence of

functional groups on the terpyridine ligands. This scheme is adapted fi-om ref. 19.
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As far as electron withdrawing groups are concerned, they will stabiliTe the

ligand LUMO more than the metal orbitals simply because the metal is further away.

Further, in the excited state, the electron withdrawing group can help to stabilize the

anionic ligand, while the now Ru([II) metal center becomes more Lewis acidic. It

receives no stabilization _om the functional group in the excited state. The net result is

a slight lowering of the energy gap between the LUMO and the metal orbitals.

Electron donating groups work in very much the opposite direction. In the

ground state an electron donating group will place more electron density on the chelating

nitrogen atoms, thus destabilizing the ligand LUMO. More importantly, the metal hs

orbitals are destabilized more in the excited state by the donor group not directly

involved in the MLCT. The donor group not involved in the transition places excess

electron density on the metal center. Again, the net result is a slight lowering of the

energy gap between the two orbitals.

When it comes to making a heteroleptic complex with both an electron

withdrawing group and an electron donating group, both of the functional groups do

what they do best. That is to say that the withdrawing group helps to stabilize the

LUMO (and the anionic ligand in the excited state) and the donor group destabiliTes the

metal orbital, except in the excited state where it soothes the Ru(III) center. The net

result for a heteroleptic complex is a lowering of the energy gap between the t2gand _*

orbitals. Only this time the difference is more dramatic.

This discussion focuses on the energy levels involved in the MLCT only, since

they are directly responsible for absorption and emission. There is a d-d transition that

lies close in energy to the MLCT, which competes as a non-radiative pathway for

relaxation. Even though the sharp temperature dependence has been attributed to this

energy gap, it has been shown to be much less of a factor when not in the solution

state. 3: Therefore, the effect on the d-d by donors and acceptors has been ignored.

w
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Sensor Effectiveness

From the data shown in Figure 1.3, it is fairly clear that the addition of donor

groups increases the response to temperature much better than acceptor groups. The

drawback is that with the addition ofdonor groups comes a decrease in intensity.

Regardless, luminescent molecular sensors are very effective on wind tunnel models, and

have been used, for the first time, to effectively visualize shockwaves at cryogenic

temperatures. The appfication of these paints will make the testing of wind tunnel

models much easier and will reduce the cost tremendously.

There are some bugs still to be worked out, however. First, these paints,

especially the substituted terpyridine complexes, need to be brighter. It seems that for aH

the increase in slope that can be gained, the intensity falls offin some proportion. In

order to make the detecting and analyzing easier and more precise, the intensity needs to

be improved. It would be nice to use the much brighter tris-phen based sensors, but they

have only a fraction of the temperature response as the trpy derivatives.

And secondly, there needs to be some more work done as to the best

binder/complex/application method combination. These complex interactions can make

or break a sensors effectiveness, and have proven quite the troublesome beast, especially

in the PSP area.

Conclusion

Through the use of rational design and understanding of the photophysics of a

series ofruthenium(II) bis-terpyridine complexes, a set of luminescent molecular sensors

have been developed and used to visualize a shock wave at cryogenic temperatures.

Once this technology becomes more refined, it is hoped that it can be expanded to

warmer temperatures and then used in other fields outside the world of aerodynamics.
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CHAPTER 2
PERIPHERAL METHYL GROUPS:

A LOCK ON THE FLATTENING DISTORTION

Introduction

Since the discovery of luminescence from [Cu(dmp)2] ÷ in methylene chloride

solution, _where drop represents 2,9-dimethyl- 1,10-phenanthroline, a lot of research has

been focused on the photophysics of copper phenanthrolines. Specifically, studies have

shown that both aryl and alkyl substituents in the 2 and 9 positions of the phenanthroline

ligand have a dramatic effect upon the photophysics and photochemistry of the

corresponding copper complexes. _ 4.s One reason is that these substituents limit the

extent of the D2 flattening distortion that occurs in the oxidized form of the complex)' _

In addition, these substituents inhibit the addition of a fifth ligand that tends to occur

when the excited state is created in donor media] "s

Quenching of excited states has been studied for many years. The data obtained

from quenching experiments help to understand both the energies of the excited state 6

and its reactivity. _ McMillin and co-workers have investigated the quenching processes

of copper phenanthrolines and they have proposed a model s in which the pseudo-

tetrahedral bis-phenanthroline complex first absorbs light, then releases this excess

energy by twisting (or flattening). They have also shown that deactivation is further

facilitated by the presence of Lewis base quenchers such as CH3CN, THF, and DMF. s

The Lewis bases facilitate the quenching by forming an excited state complex

(exciplex) with the metal compound?' 9 Exciplex quenching has been known for years in

organic chemistry, 9'_obut is much more rare in inorganic chemistry) _ The main reason is

that much of inorganic photochemistry is dominated by systems like [Ru(bipy)3] 2÷,which

are coordinatively saturated and do not have enough physical space to add another
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ligand to the metal center. The case is quite the opposite for Cu(I) bis-phenanthrolines,

since their excited states involve the creation of a formal copper(H) center that is four

coordinate. Since Cu(II) is Jahn-Teller active, if the flattening distortion is large enough,

a fifth ligand can enter the coordination sphere around the copper center. This new five

coordinate complex is the exciplex. Formation of the exciplex (or addition of a fifth

ligand) is favored due to the stabilization of the more Lewis acidic Cu(II) metal center

with more electron density from a fifth ligand. The exciplex then dissipates the excited

state energy in returning to the ground state and thus has deactivated the excited state.

Although the flattening occurs without a Lewis base present, the Cu(l])...Lewis base

interaction is necessary for exciplex formation. Unfortunately, the exciplex only exists

for the briefest amount of time and has yet to be observed directly.

Sakald and coworkers have shown, _2via ab initio calculations, that the preferred

geometry for a copper(I) phenanthroline bis phosphine complex is pseudo-tetrahedral

(by ca. 16.5 kcal/mol). Their computations predict a metal-to-ligand charge transfer

absorbance low in energy that gives rise to a more Lewis acidic metal center. The

computational data also predict that the excited state is not nearly as discerning in its

structure. The difference between a pseudo-tetrahedral structure and a nearly planar one

is only ca. 4.1 kcal/mol. When they factor in coordination by a water molecule, the

nearly planar (now 5 coordinate) geometry is favored by ca. 19.2 kcal/mol over a trigonal

bipyramidal structure. This data supports the previous hypothesis that it is not the

excited state energy but rather the attack by a Lewis base that drives exciplex quenching.

This data also agrees well with the models proposed by McMillin et al _"8 and also the

fact that the sterics &the ligands and the strength of the base dictate the rate of

quenching.

By increasing the steric bulk at the 2 and 9 positions on the phenanthroline

backbone, the rate of attack by the Lewis base slows which allows the excited state to

exist longer. _'s, 8. _, _4 The increase in excited state lifetime suggests that the formation of

the exciplex is less favored energetically. This type &response is intuitive if the

structure of the exciplex is considered. _' s, 8, _3,_4 Since its structure will be trigonal
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bipyramidal in nature, if the phenanthroline ligands cannot approach one another due to

steric interactions, the approach and/or docking of the base will be blocked and the

exciplex will not form. _'s, _ ,3, _4

To date, many systems have been developed, using substituents such as

methyl, t.s, s, t3,14 n.octyl,13 sec.butyl, lS iso.propyl,lS neo.pentyl)3,17 and phenyl. 3' s, l_ All

of these systems have focused on steric hulk at the 2 and 9 positions and what effect it

has on the photophysics. In this study, the addition of methyl groups at positions 3, 4, 7

and 8 has been investigated. These new figands also have n-butyl or phenyl groups at

the 2 and 9 positions. The effects of the methyl groups will be discussed with regard to

absorption energies and excited state structure and reactivity.

Experimental

Materials

Acetonitrile, N,N'-dimethylformamide, methylene chloride, and tetrahydrofuran

were obtained as Burdick and Jackson high-purity distilled in glass-grade chemicals from

Scientific Products. The laser dye Couma,rin 440 came from Laser Science, while

Aldrich Chemical Co. supplied the 1,10-phenanthroline (phen), 2,9-dimethyl- 1,10-

phenanthroline (2,9-dmp), 3,4,7,8-tetramethyi-1,10-phenanthroline (tmp), 2,9-diphenyl-

1,10-phenanthroline (dpp), CuCI2"2H20, KPF6, 2.0 M n-butyl lithium in hexanes, and 2.0

M phenyl lithium in diethyl ether. G. F. Smith provided the 4,7-dimethyl-l,10-

phenanthroline (4,7-drop). The ligands 2,9-di(n-butyl)-l, 10-phenanthroline (dbp), 2,9-

di(n-butyl)-4,7-dimethyi-l, 10-phenanthroline (dbdmp), 2,9-di(n-butyl)-3,4,7,8-

tetramethyl-l,10-phenanthroline (dbtmp), 2,9-diphenyl-4,7-dimethyl-1,10-phenanthroline

(dpdmp), 2,9-diphenyi-3,4,7,8-tetramethyl-1,10-phenanthroline (dptmp) were all

prepared by modifications ofthe procedure ofPallenberg et al." Copper complexes

were prepared by literature methods, n 2,9-diphenyl-3,4,7,8-tetramethyl-phenanthroline

(dptmp), [Cu(dbp)2]PF6, and [Cu(dpp)2]PF6 were available from a previous study. 16
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Methods

For luminescence, lifetime, and quenching studies, solutions were degassed using

a series of freeze-pump-thaw cycles. A 525 run long pass filter was used to keep stray

light from the photomultiplier tube, while a 450 nm notch _Iter was used to filter stray

light from the 440 nm excitation beam. The lifetime decays were analyzed with a user-

written program. In all cases, the residual plots justified the use of a single exponential.

Quenching data was analyzed using a Stern-Volmer relationship _9between the

quencher concentration and the lifetime, as shown below:

1/_= I/%+ kq[Q]

where % isthe lifetimeof the complex inthe absence of quencher,or inthiscase,pure

CH2CI 2and [Q] isthe concentrationof the quencher,DMF inthiscase. Linear

regressionof the datayieldedthe second orderquenching constantkq. The datawas

alsoanalyzedusing the integratedemissionintensitywith the followingrelationship:

IJI = _okq[Q]+ b

Here, again,"Coisthe lifetimeinthe absence ofquencher, [Q] isthe concentrationof

quencher,Ioisthe emissionintensityinthe absence ofquencheL and b istaken to be I.

Linearregressionof thedatayieldedthe second order quenching constantkq.

In both cases,the quencher concentrationvariedfrom 0 to 1 M, while the copper

complex concentrationremained constant.Linearregressionwas done on two setsof

the same data. The firstsetspanned the range 0 to 1 M DMF, while the second only

covered 0 to 0. l M DMF.

pK_ values were taken from references 20a, 20b, and 20c. Following the

discussion in reference 20d, values for the new phenanthrolines were extrapolated.

Butyl groups were considered to have the same effect as a methyl or ethyl group, based

on data in references 20a, 20b, and 20d.
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Instrumentation

Absorption and emission spectra were recorded on Perkin-Elmer Lambda 4C and

SLM SPF 500C spectrometers, respectively. A description of the lifetime apparatus is in

the literature7 Microanalyses were performed by H. Daniel Lee at the Purdue University

Microanalysis Laboratory.

Computational Methodology

All computations were performed using HyperChem software, version 5.1 Pro,

from HyperCube Inc., running on a Pentium H 166 MHz personal computer. The

ligands were constructed using idealized bond distances and angles. This idealized

geometry was used and no attempts were made to minimize the geometry of the ligand

structure. Both molecular mechanics and semi-empirical computations were performed

using the standard parameter sets included with the software.

For the molecular mechanics computations, ligand models were constructed

using ethyl groups instead of butyl to isolate the rotation contribution to the 13carbon.

Also, only one "active" substituent was used, the remaining substituent was a methyl

group. For example, to model the dbtmp iigand, computations were performed on

2-ethyl-3,4,7,8,9-pentamethyl-l, 10-phenanthroline. Along a similar vein, to model the

dptmp ligand, 2-phenyl-3,4,7,8,9-pentamethyl-l, 10-phenanthroline was used. Only one

"active" substituent was used to isolate the contribution of only one group and to

minimize the number of conformations. The actual computations were single point

calculations based on the idealized geometry, after adjusting the torsion angle between

the nitrogen atom and the substituent of interest. Single point calculations were

performed every 10 degrees.

For the semi-empirical computations, all butyl groups were replaced with methyl

groups to minimize any conformational effects caused by the butyl chain. For example,

the data reported for the dbp ligand was calculated using 2,9-dimethyl-1,10-

phenanthroline as a model. Data for the phenyl derivatives was calculated with the
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phenyl tings having the same torsion angle. Calculations were performed at torsion

angles of 0, 30, 45, 52, 60, and 90 degrees. An average of the values is reported as the

data. The crystal structure of dpp shows a torsion angle of 0 degrees, while crystal

structures of copper(I) complexes with dpp show an average torsion angle of

approximately 52 degrees.

Preparations

2,9-di(n-butyl)-4,7-dimethyl- 1,10-phenanthroline (dbdmp) [V-3]. This ligand

was prepared by following the procedure ofPallenberg et all 5 using a 2.0 M n-butyl

lithium solution in ether and 4,7-dimethyl- 1,10-phenanthroline as starting materials. The

product was purified on alumina and eluting with methylene chloride, collecting the first,

faster moving &action. The pale yellow material was recrystallized from ethanol to yield

a white solid. _HNMR in CDCI 3 (in ppm): 7.92 (s, 2H), 7.34 (s, 2H), 3.19 (quartet,

4H), 2.74 (s, 6H), 1.88 (pentet, 4H), 1.51 (sextet, 4I-I), 1.00 (t, 6H).

2,9-di(n-butyl)-3,4,7,8-tetramethyl- 1,10-phenanthroline (dbtmp) [IV-67]. This

ligand was prepared as above _s using a 2.0 M n-butyl lithium solution in ether and

3,4,7,8-tetramethyl-1,10-phenanthroline as starting materials and purified in the same

fashion. The final product was a white solid. IH _ in CDCI 3 (in ppm): 7.92 (s, 2H),

3.18 (quartet, 4I-I), 2.67 (s, 6H), 2.50 (s, 6I-I), 1.90 (pentet, 4H), 1.55 (sextet, 4I-I), 1.07

(t, 6H).

2,9-diphenyl-4,7-dimethyl-1,10-phenanthroline (dpdmp) [%5]. This ligand was

prepared as above 18using a 1.6 M phenyl lithium solution in hexanes and 4,7-dimethyl-

1,10-phenanthroline as starting materials and purified in the same manner. The final

product was a pale yellow solid, tH NMP, in CDCI3 (in ppm): 8.49 (s, 4H), 8.00 (m,

4I-I)i 7.55 (m, 6H), 2.85 (s, 6h0.
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[Cu(dbdmp)_lPF_ [V-55]. This compound was prepared by previous methods, n

The orange material was reoTstallized from water and ethanol to yield orange crystals.

Calculated:Coased on the hemihydrate [Cu(dbdmp)2]PF6"Vaq20 ) 61.56% C, 6.58% I-t,

6.53% N. Found: 61.52% C, 6.55% H, 6.46% N. The presence of water was confirmed

by proton NMR spectroscopy in CDCi 3.

[Cu(dbtmp)7_]PF e [IV-111, IV-187]. This compound was prepared by previous

methods, n The orange material was recrystallized from water and ethanol to yield

orange brown crystals. Calculated: 63.67% C, 7.12% H, 6.19% N. Found: 63.60% C,

6.81% H, 6.17% N.

[Cu(dpdmp)2]PFe [V-57]. This compound was prepared by previous methods, n

The wine red material was rectrstallized from water and acetone to yield dark red

crystals. Calculated:Coased on the acetone monosolvate ) 63.25% C, 4.08% I-I, 5.67%

N. Found: 63.01% C, 4.15% H, 5.48% N. The presence of acetone was confirmed by

proton NMR spectroscopy in CDCI 3.

[Cu(dptmP)2]PF6 [IV-188]. This compound was prepared by literature

methods TMand recrystallized from water and ethanol to yield red needles.

Calculated:Coased on the hemihydrate [Cu(dptmp)2]PF6"l/2H20) 67.63% C, 4.97% I-I,

5.63% N. Found: 67.37% C, 4.74% H, 5.63% N. The presence of water was confirmed

by proton NMR spectroscopy in CDCI 3.

Results

Synthesis

A schematic diagram showing the ligands of interest is shown in Scheme 2.1. All

of the ligands, except for 2,9-drop, that have substituents in the 2 and 9 positions, were

synthesized by addition of organolithium reagents to the parent phenanthroline

backbone. The method ofPaUenberg et al _swas employed and worked very nicely for

the synthesis of the substituted phenanthroline ligands.
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Scheme 2.1.

4,7-dmp 3,4,7,8-Unp

The ligands and abbreviations used in this study.

Absorption Data

Table 2.1 shows all of the absorption data for both the butyl and phenyl

derivatives as well as for the complexes with the parent phenanthroline backbones.

None of the complexes show any appreciable solvatochromism in their absorption

maxima.

Inspection of the absorption data suggests that the compounds can be divided

into three groups. The first group is made of compounds with no substituents in the 2,9

positions. The second group has alkyl substituents in the 2,9 positions and the third

group has aryl substituents in the 2,9 positions. These groups will be referred to as the

parent group, the alkyl group, and the aryl group, respectively. The differentiation

between the parent group and the alkyl group is necessary as substitution in the 2,9

positions of a phenanthroline drastically change its properties. 22
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Table 2.1. Absorption data for [Cu(NN)2]PF s complexes.

Ligand

phen

4_7-dmp

tmp

2,9-dmp

dbp
dbdmp

dbtmp

dpp

dpdmp

dptmp

_auet (rim), CH2Ci 2

440

434

430

454

457

456

453

440, 560

440, 550

467

7800 Is

7000 Is

9900

9300

3200s

38OO

6000

441

435

430

456

457

456

452

440,560

440,550

467

(m),CH CN
442

435

431

457

457

457

452

440_ 560

441_ 560
467

The absorption maxima, forthe parent and alkyl groups, correlate well with the

pI_ values for the ligands and also the calculated LUMO energies. This data is shown in

Table 2.2 and Figure 2.1. This result is not surprising since the absorbance corresponds

to placing an electron into a _* orbital of the ligand, whose energy will be directly

affected by the presence of electron donating functionalities. Therefore, the presence of

additional electron donating methyl substituents on the ligand should make this process

more difficult. The methyl groups also place more electron density on the nitrogen

atoms in the free ligand, making them stronger bases.

The correlation of the parent and alkyl data indicates that within a group, the

ground state structure, which is responsible for the absorbance energy, is not changing

with addition ofthe peripheral methyl groups. This was not the case in the paper by

Eggleston et a113in which the change in absorbance maxima was attributed to the

changing steric bulk of the alkyl substituents in the 2,9 positions. The switching of

substituents was causing a change in the ground state structure, as reflected in the

absorption spectra. For the alkyl and parent groups, they should have a similar structure

since they are substituted the same, within their respective series, at the 2,9 positions.
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Table 2.2. Calculated orbital energies and pI_values.

Lisand pl_ EHLUMO d PM3LUMO d EHSLUMO d PM3 SLUMO a

phen 4.88 b -9.726260 -1.043975 -9.574359 -0.728441

4,7-dmp 5.95 b -9.613302 -0.998210 -9.499872 -0.656965

tmp 6.48 b -9.576261 -0.929885 -9.479396 -0.601576

dbp ° -6.15 c -9.680675 -0.963496 -9.456161 -0.652240

dbdmp" "-6.81 c -9.568657 -0.920969 -9.379386 -0.583770

dbtmp" -7.37 _ -9.525309 -0.857133 -9.380155 -0.525717

dpp' -5.00 f -12.0104 -8.679496

dpdmp' -6.1 s -11.8961 -8.574135

dvtm_ ° -6.6 _ -11.8409 -8.523982

a calculations were performed on the methyl derivatives.

b pK, values were taken from ref. 20a, 20b, 20c.

c data from ref. 20a, 20b, & 20c and estimations from discussions in ref. 20d

d energies in eV

e single point calculations were performed with the torsion angle between the phenyl

group and the phenanthroline at 0, 30, 45, 52, 60 and 90 degrees and the

reported data reflects an average value

f the pK, is for 2,9-di(p-anisolyi)-1,10-phenanthroline, as reported in ref. 23

g data from ref. 23 and estimations from discussions in ref. 20d
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Figure 2.1. Correlation of the absorption of the copper complex with properties of the

free ligand. Chart A is the correlation of the calculated orbital energies of the free ligand

and the absorption maxima of the copper complexes. Chart B is the correlation of the

free ligand pK, and the absorption maxima of the copper complex.
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Also shown in Table 2.2 and Figure 2. I is the corresponding data for the aryl

group. It is clear that this group does not correlate as well. The data for the dptmp

complex does not seem to conform to the same trends when compared to the dpp and

dpdmp complexes.

The dpp and dpdmp complexes show small changes in their pK, and calculated

LUMO energies compared to the changes with the corresponding butyl derivatives.

Consequently, there is no apparent change in the absorption maximum to accompany the

change in pK, and LUMO energy. This is very different behavior compared to the

parent and alkyl groups and most likely reflects a considerably different ground state

structure.

As for the dptmp complex, it stands out from the other phenyl compounds as it

has no low energy shoulder present in the absorption spectrum. In fact, the absorption

spectrum of the dptmp complex resembles that of an alkyl-substituted phenanthroline

more than it does and aryl-substituted phenanthroline, see Figure 2.2. Again this is

indicative of a change in the ground state structure. In this case, the change is quite

dramatic and seems to indicate a change hack from an aryl-like to an alkyl-like structure.

A similar result was observed by McMillin et al using a derivative of

phenanthroline containing 1-naphthyl groups in the 2 and 9 positions. 14 The steric bulk

of the naphthyl groups keeps it from being in conjugation with the phenanthroline

backbone. This lack of _-conjugation may also be occurring with the dptmp derivative

since the 3,8 methyl groups should keep the phenyl ring approximately perpendicular to

the phenanthroline backbone. A perpendicular phenyl ring will not conjugate in the

sense and thus is merely a c_ donor, u However, a perpendicular phenyl ring will be able

to stack, or interact, with the opposite phenanthroline backbone that it extends over. 23

This type of stacking may be responsible for the bathochromic shift observed in the

absorption maxima relative to alkyl substituents.
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Figure 2.2. Absorption spectra for [Cu(NN)z]PF 6 in CH2CI 2. Line A) NN = dpp, B) NN

= dpdmp, C) NN = dptmp, D) NN = dbp.

Luminescence Data

Table 2.3 shows all of the luminescence data for both the butyl and phenyl

derivatives. None of the complexes containing the parent phenanthroline backbones

shows any emission in solution. All of the remaining complexes exhibit a bathochromic

shift in their emission maxima with increasing polarity of the solvent.

For example, the dbp complex shit, s from 670 nm to 685 nm to 690 nm as the

solvent changes from CH2CI 2 to THF to CH3CN. The presence of aryl substituents also

lowers the emission energy, relative to alkyi substituents. On the other hand, for both

series of complexes, the addition of 3,8 methyl groups causes a hypsoehromic shiR in the

emission energy, whereas 4,7 methyl groups have little effect.

The lifetimes for all of the compounds listed in Table 2.3 increase with addition

of the 3,8 methyl groups. In the butyl series, the non-methylated complex has a lifetime

in CH2CI 2 of 136 ns, while the dbtmp complex has a lifetime of 330 ns. Addition of

methyl groups in the 4 and 7 positions, again, has little effect. The lifetime data also
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shows that the 3,8 methylated ligands add a resistance to exciplex quenching. For

instance, the dbp complex has a lifetime of 136 ns in CH2Ci2 while the lifetime is less

than 10 ns in CH3CN. The dbtmp complex has a lifetime of 330 ns in CH2C12 and a

lifetime of 320 ns in CH3CN. This is the first copper phenanthroline that has shown a

definite resistance to quenching by donor solvents. The dptmp complex has the longest-

lived excited state in methylene chloride, but still shows considerable quenching by

acetonitrile.

The quantum yield for emission follows a similar trend as the lifetimes and

emission maxima; a small increase with addition of the 4,7 methyl groups and a

significant increase with addition of the 3,8 methyl groups, for both series. A

comparison of quantum yields in the different solvents also shows a dramatic loss of

intensity for the non- and di-methylated iigand complexes, whereas the tetra-methylated

ligand complexes show a resiliency to addition of a fifth ligand.

w

Table 2.3. Luminescence data for [Cu(NN)2]PF6 complexes."

Ligand

2,9-dmp

dbp
dbdmp

dbtmp

dpp

dpdmp

CH2Ci 2

Em _q,b, [z,],(lO'x _)

690, [901 , (4)

670, [140],(9)

670, [145], (15)

635, [330], (125)

685, [270], (10)

685, [310], (26)

THF

Em _b, [_c], (104x#)

-700

685, [45], _3)

685, [I05], (7)

640, [330J, (124)

710, 190], (4)

700,I155],(13)
dlatmo 670, [480], (57) 685, [365], (29)

a in deoxygenated methylene chloride from uncorrected spectra

b in nanometers

c in nanoseconds

CH3CN

Em _b, [Xc],(IO'x_)

-700

690, [25], (1)

690, [45], (4)

650, [320], (44)

715, [120], (3)

710, [125], (9)

690, [2551, (24)
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Lewis Base Quenching

Analysis of the data in Table 2.4 reveals two major trends. First of all, for the

non-methylated and 4,7-dimethyl series of compounds, the aryl containing compounds

have a smaller quenching rate. For example, the quenching rate of [Cu(dbp)z] ÷ is

2.1"10 7M_s "_whereas [Cu(dpp)z] ÷ has a quenching constant of 6.7"10 6 M'_s"l. This is

no doubt due to the larger steric bulk of the phenyl ring relative to the butyl group, s The

phenyl ring inhibits the approach of quencher molecules and limits the amount of

flattening that can occur.

The second trend conveyed in the quenching data is that addition of the 3,8

methyls retards the quenching rate to a limiting value. For the phenyl series, the rate

slows by about a factor of 3, whereas for the butyl series the rate is slowed by almost a

full order of magnitude, which gives both [Cu(dbtmp)2] ÷ and [Cu(dptmp)z] + a l_ of

2"10 _ M'_s"_. This means that the 3,8 methyl groups are somehow hindering the attack

of Lewis bases and causing the formation of the five coordinate to be much more

difficult.

One other interesting observation was the fact that all four of the complexes

measured showed some degree of downward curvature in their Stern-Volmer curves, see

Figure 2.3 for hn example. The data shown in Figure 2.3 is for the transient analysis of

the dptmp complex. As the concentration of the DMF increases, the rate constant

decreases. This is not a new phenomenon, and most likely stems from the fact that as

the DMF concentration increases, the compound is being solvated differently, thus

changing the Zothat is used as the Y-intercept. The changing Y-intercept gives the

appearance of a non-linear quenching rate. This is a pre-equilibrium association and has

been seen in other systems that are sensitive to the solvent. 2s
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Table 2.4. Quenching constants, k_ in M'ls "t, for DMF in deoxygenated CH_2C| 2. The

data has been separated into low DMF concentration (up to. 1M) and high DMF

concentration (up to 1M) to show the variation due to solvent polarity change.

L;_ga_nd

dbp

dbtmp

dpp

dvtmD

Trausieut, up to IM

2.1"10 7

1.7"10 s

6.7"10 6

2.1'10 6

Transient,up to .IM

2.0"107

2.9"106

8.3'10 6

2.9"10 6

Intensity, up to I M

3.6"10 7

7.0* 10 6

7.6"10 7

1.5"10 7

Intensity,up to .I M

2.4.10 .7

1.2"10 6

6.1"10 6

1.8"10 _

6.0E+06

5.0E+06

"7

,_ 4.0E+06

3.0E+06

........... "R2 = 0.6389

......--'""

.°
...-

............ _= 2.106 M'ls -I

2.0E+06 I I t I

0 0.2 0.4 0.6 o.s l
DMF Concentration (M)

Figure 2.3. Stern-Volmer curve for [Cu(dptmP)2]PF6. The solid line represents the fit of

the data up 0.1M DMF while the dotted line is the fit of the data up to 1M DMF.
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Discussion

The addition of the methyl groups in the 3 and $ positions of the phenanthroline

backbone adds some interesting characteristics to the copper compounds. These methyl

groups affect the absorption spectra, the emission spectra, and the resistance to exciplex

quenching by oxygen or Lewis base solvents. The ability to alter these three phenomena

indicates that these methyl groups modify both the ground state and the excited state.

Absorption Spectra

As mentioned previously, for the alkyl group, the addition of more methyl groups

causes an increase in the energy of the charge-transfer absorbance for electronic reasons

only. The ground state structure should be very similar within the series.

However, for the aryl series this is not the case. The spectrum of the dptmp

complex does not look like other aryi-substituted phenanthroline complexes, indicative

of a change in the ground state structure. Most aryl-substituted phenanthroline

complexes show a maxima around 440 nm with a broad shoulder extending out past 600 •

rim. This is the case for dpp, dpdmp, and also agrees with the spectrum of [Cu(tpp)_] ÷,

where tpp is 2,4,7,9-tetraphenyl- l, 10-phenanthroline.'4 With dptmp, the spectrum

seems to look more like an alkyi-substituted derivative with one intense absorbance and

a very weak shoulder (or tail).

The presence of shoulders on the CT spectra of aryl-substituted complexes has

been ascribed to the D 2 flattening distortion that is common to copper phenanthrolines. 24

For the usual aryl derivatives, the exceptionally broad shoulder is a result of the ease of

rotation of the phenyl rings which allows for the flattening. 5 One of the main driving

forces for flattening would be to increase conjugation between the aryl ring and the

phenanthroline moiety it is bonded to. 2'

In the dptmp case this is assumed not to occur since the presence of the

peripheral methyl groups should "lock" the geometry in a more rigid D_ configuration

thus limiting the contribution of the flattened geometry. Since the absorbance spectrum

of the dptmp complex resembles that of an alkyl complex, where conjugation is not
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possible, it should have a similar more Dzd-like structure. The bathochromic shift

exhibited by the dptmp complex relative to the alkyl-substituted phenanthroline

complexes may be attributed to lt-_ interactions between a phenyl ring and the _-orbitals

of the opposite phenanthroline backbone, z3

Molecular modeling studies on the _ee phenanthroline iigands reveal that

rotation of either the butyl or the phenyl group with a locking methyl group present is

very difficult. Figures 2.4 and 2.5 show the total molecular mechanics energy as well as

the Van der Waals component for both ligands. The computations were performed on

model ligands that contained only one rotating group and used an ethyl group instead of

a butyl group. These changes were done in order to isolate the rotational barrier for

only one functional group and in the case of the butyl series, minimize conformational

effects of the longer chain.

These figures indicate that it is approximately six times more difficult to rotate a

butyl (ethyl) group with the 3,8 methyl groups present. Similarly, for the phenyl

derivatives, the difference is roughly seven times as large. This data helps to support the

idea that the phenyl groups remain perpendicular to the phenanthroline moiety and thus

help to keep the geometry of the dptmp complex more D2d and severely hamper the

flattening distortion so common to copper phenanthrolines.

w
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Figure 2.4. Molecular mechanics data for the free ligands dbp and dbtmp. The left side

of the graph represents the Van der Waals component of the total energy, while the fight

side shows the total molecular mechanics energy of the free ligand. Circles are for data

on the dbtmp ligand and squares are for data on the dbp ligand. The figures represent

the torsion angles of interest at their extremes.
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Figure 2.5. Molecular mechanics data for the free ligands dpp and dptmp. The left side

of the graph represents the Van der Waals component of the total energy, while the right

side shows the total molecular mechanics energy of the free ligand. Circles are for data

on the dptmp ligand and squares are for data on the dpp ligand. The figures represent

the torsion angles of interest, at their extremes.
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Luminescence Data

As mentioned above, the addition of the methyl groups in the 3 and 8 positions is

expected to rigidify the 2,9 substituents and therefore lock the copper complex into a

more tetrabedral-like geometry. What is known about copper(I) phenanthrolines is that

upon excitation of the metal electron into the ligand _*, the now formal copper(H)

complex undergoes a twisting or flattening distortion to form a complex that can accept

a fifth iigand?" s This distortion is due to the steric flexibility of most phenanthrolines

and the Jahn-Teller distortion that CuUI) is famous for?" _s With the tetra-methyl ligand

series, the induced rigidity keeps the structure of the excited state close to that of

tetrahedral. Since the major deactivation pathway is energy lost due to nuclear motion

during the twisting processes, the lack of movement in this case results in a longer lived

excited state and higher energy luminescence. The increase in emission energy is due to

a larger energy difference between the more tetrahedral and more stable Cu(I) ground

state and the more tetrahedral and destabilized Cu(II) excited state?" 8

Quenching Phenomena

Exciplex quenching is a common type of quenching exhibited by copper(I)

phenanthrolines and these new compounds are no different. The two tetra-methyl

compounds do, however, exhibit a much slower rate of quenching when compared to

other copper phenanthrolines.

A minimal kinetic scheme 3'8 is presented in equations 1 through 3, where Cu*

and Cu refer to the excited, emissive metal complex and the ground state metal complex,

respectively. Q denotes the Lewis base quencher and [Cu*-Q] denotes the complex

formed between Cu* and Q. These equations indicate that kq is not a simple rate

constant but a combination of several rates. In this scheme, all deexcitation processes

are assumed to be irreversible.
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Cu*+ Q [Cu*-Q

[Cu*-Q] Cu + Q

(1)

(2)

(3)

The complex [Cu*-Q] is not a shnple encounter complex as can be the case, 25

but rather an exciplex that takes energy to dissociate. Since direct spectroscopic

observance of the exciplex has yet to occur, _ the concentration of the exeiplex is

assumed not to build up?' _ This allows for the assumption of a steady-state

concentration of [Cu*-Q]. With this assumption, kq is predicted to be second order,

and takes to form of equation 4.

h
kq=

u

m

(4)

This model predicts that when k4, dissociation of the exciplex, competes with ko,

quenching of the excited state, the observed rate of quenching will slow. In the cases

presented here involving the tetra-methyl derivatives, k. 1 is not a factor. In this ease it is

actually k_, the formation of the exciplex that is the rate limiting step. Due to the

increased steric repulsions between the bulkier ligands and the quencher, formation of

the exciplex is slow and therefore the overall quenching rate is reduced. The addition of

the steric locks slows the quenching of the excited state by making it a much less stable

species.

Conclusion

The data presented in this paper show that the geometry of copper(I)

phenanthrolines can not only be controlled by the size of the substituents in the 2,9

positions, but also by placing "locks" at the 3,8 positions ofthe ring. These locks help
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to restrict the mobility of the 2,9 substituents which inhibit the flattening distortion

usually associated with copper(I) phenanthrolines. This increased rigidity leads to

complexes with longer lived excited states with more efficient quantum yields and with

less susceptibility towards exciplex quenching. This series of compounds has provided

the longest lived copper(I) phenanthroline in methylene chloride solution and also a

copper(I) phenanthroline that is resistant to quenching by all except the strongest Lewis

bases.
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CHAPTER 3
SOLID STATE STRUCTURE CORRELATIONS

IN COPPER(I) PHENANTHROLINES

_ntroduction

Crystal structures have long been used to predict the structures of molecules in

solution; however, with copper(I) phenanthroline compounds the crystal structure can

differ greatly fi'om the solution structure.l Copper(I) phenanthrolines are psuedo-

tetrahedral molecules with D_ symmetry in solution. This symmetry is apparent from

the solution absorption data and even complexes with rather large substituents on the

phenanthroline backbone still conform to this assignment3 When these molecules

crystallize, however; they no longer keep their neat D2d symmetry, as evident by the

range of absorption maxima from the solid state absorbance data)

In perfect D2dsymmetry, the angle defined by the planes of the two

phenanthroline ligands, denoted Oz, is 900.3 Scheme 3.1 shows a schematic

representation of the dihedral angle and its effect on structure. In the solid state, most

copper(I) phenanthrolines show major departure from the ideal value. ®z'S have been

reported anywhere from 50 ° to -90 ° . The flattening observed in the crystal structures

has been attributed to the packing forces of the lattice. 4'25 This is not unreasonable to

assume since Cu(I) is stable with a coordination number of 3,1° coupled with the fact that

the same cation shows different dihedral values with different anions. For example,

[Cu(dmp)z]*, where drop denotes 2,9-dimethyl-l,10-phenanthroline, has a dihedral angle

of 72.4 ° with NO3 as the anion _ and 88.8 ° when TCNQ" is the anion. 7 In solution, the

dihedral angle is assumed to be 90° since there are no outside forces distorting the

geometry)

_m
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900 800 = 500

D2d symmetry D 2 symmetry D 2 symmetry

Scheme 3.1. Schematic of Oz and its effect on structure and symmetry.

From the limited number of crystal structures published on copper(I)

phenanthrolines, it seems that the dihedral angle can be controlled by either changing the

anion or by altering the stedc bulk of the substituents in the 2 and 9 positions of the

phenanthroline ring. For instance, of the 5 crystal structures of [Cu(dmp)z] ÷, none of

them have the same dihedral angle, presumably due to the differing anions)' s-7 Also, as

the stedc bulk, in the 2 and 9 positions, changes from H to CH 3 to n-pentyl, the dihedral

angle changes by 40o. 3. 8.9 However, the comparison is somewhat artificial, as these

compounds also have different anions.

Correlation of the photophysical properties of copper phenanthrolines with their

dihedral angles is another area that has not been fully explored. Kaizu and Shinozaki

have previously shown, computationally, that for [Cu(ethanediimine)2] ÷, the energy

levels of the highest occupied and the lowest unoccupied molecular orbitals are

dependant on the dihedral angle. Their DV-Xct calculations predict that the lowest

energy allowed metal-to-ligand charge transfer absorbance will decrease in energy as the

dihedral angle between the diimine iigands becomes smaller. Experimentally, the solid

state absorbance of some [Cu(dmp)2]X salts, where the dihedral angle was known, were

shown to follow this prediction. However, only two of the solids measured had defined

dihedral angles. Further absorption analysis of solidswith known dihedral angles along

with their luminescent properties in the solid state should lead to a more clear

understanding of what impact the dihedral angle has on the spectrum.



56

Another interesting aspect of copper phenanthroline solution chemistry is

emission. Copper phenanthrolines with substituents in the 2,9 positions show emission

in CH_CI2 at room temperature. !° If there are no substiments in positions 2 and 9, then

the complexes are non-emissive in solution, as well as in a frozen glass)' _o The main

reason is due to a large geometry change that accompanies excitation) ° Since the

absorption is a metal-to-ligand charge transfer, a formal d9 Cu(II) metal center is created.

Since d9 is Jahn-Te"er active, tetrahedral geometry is not the preferred geometry for d9.

The excited compound undergoes a flattening distortion to alleviate the excess energy

and return to the ground state) ° McMillin and co-workers have shown many ways

around this distortion, _°'_1but perhaps one of the simplest is to examine the salts in the

solid state. The solid state should severely retard the flattening distortion and lead to

longer lived excited states. The examination and correlation of copper phenanthroline

structure with absorption and emission properties will be the focus of this work.

Experiment.al,

Materials

All solvents were of reagent grade unless otherwise stated. The 1,10-

phenanthroline (phen), 3,4,7,8-tetramethyl-1,10-phenanthroline (tmp), 2,9-dimethyl-

1,10-phenanthroline (dmp), 2,9-dimethyl-4,7-diphenyl- 1,10-phenanthroline Cocp), 2,2'-

bipyridine Coipy), 4,4'-dimethyl-2,2'-bipyridine (dmbp), KPF6, NaBPh_, 2.0 M n-butyl

lithium solution in ether, and 1.6 M phenyllithium in hexanes were purchased from

Aldrich and used as is. The ligands 2,9-di-n-butyl-1,10-phenanthroline (dbp), 2,9-

diphenyl-1,10-phenanthroline (dpp), 6,6'-dimethyl-2,2'-bipyridine (dmbp), and 4,4',6,6'-

tetramethyl-2,2'-bipyridine (tmbp) were prepared by modifying the prep by Pallenberg et

al9 to include the necessary starting materials. The ligands 2,9-di-n-butyl-4,7-dimethyl-

1,10-phenanthroline (dbdmp), 2,9-di-n-butyl-3,4,7,8-tetramethyl-1,10-phenanthroline

(dbtmp), 2,9-diphenyl-4,7-dimethyl- 1,10-phenanthroline (dpdmp), and 2,9-diphenyl-

3,4,7,8-tetramethyl-l,10-phenanthroline (dptmp) were available from a previous study."
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Methods

Solid state absorbance measurements were made using the opal-glass method. _2

Whatman filter paper grades 1 and 6 were used with paraffin oil. The spectrometer was

backgrounded with a blank filter paper and oil sample. The data was corrected by

dividing the intensity at each wavelength by the intensity at the starting wavelength of

the scan, then subtracting 1. The new intensity value was then used in all the spectral

plots.

Solid state emission measurements were made by packing a melting point

capillary with -1.75 cm (0.5 in.) of sample. The open end of the capillary was then

sealed over a flame. During emission and lifetime measurements, a 452 nm notch filter

was placed on the excitation beam to isolate the 440 nm excitation light. A 525 nm

cutoff filter was used to protect the photomultiplier tube and both the excitation and

emission bandpasses were set at 10 run.

Excited state lifetimes were measured on the same capillary samples as for the

emission measurements. The same filter setup was used except for an additional 575 nm

filter that was placed in front of the photomultiplier tube. Data was taken from a digital

oscilloscope and fit to an exponential decay with a user-written program.

Lorentz and polarization corrections were applied to the crystal structure data.

The linear absorption coefficient is 5.2/cm for Mo K radiation. An empirical absorption

correction using SCALEPACK _ was applied. The structure was solved using the

structure solution program PATTY in DIRDIF92, TM or by the direct methods using

SIR97. _sb The remaining atoms were located in succeeding difference Fourier syntheses.

Hydrogen atoms were included in the refinement but restrained to ride on the atom to

which they are bonded. The structure was refined in full-matrix least-squares where the

function minimized was _w([Fo[_-[Fd2) '_and the weight w is defined as

w =1/[o2(FoX)+(0.0996p)2+O.0000P]

where P=(Fo2+2F,2)/3. Scattering factors were taken from the "International Tables for

Crystallography". _ The space group was determined by the program ABSEN. _

Refinement of the crystal data was performed with SHELX-97. TM
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Instrumentation

Absorbance measurements were made on a Perkin-Elmer Lambda 4C

spectrophotometer, while emission measurements were recorded on a SLM SPF-500

spectrofluorometer. Excited state lifetime measurements were made on the laser setup

described in the fiterature) 3 Preliminary examination of the crystals and subsequent data

collection were performed with Mo K_ radiation (_, -- 0.71073A) on a Nonius

KappaCCD. Structure refinement was performed on a AlphaServer 2100 computer.

Crystal Structure Determinations

[Cu(tmp)z]BPh4. An orange plate of Cs_Hs2CuBN4 having approximate

dimensions of 0.30 x 0.18 x 0.10 mm was grown from vapor diffusion of toluene into a

methylene chloride solution of the complex. The crystal was mounted on a glass fiber in

a random orientation. Cell constants and an orientation matrix for data collection were

obtained from least-squares refinement, using the setting angles of 57010 reflections in

the range 2 _ 0 _ 32 °. Data were collected to a maximum 20 of 66.0 °. A total of

57010 reflections were collected, of which 12948 were unique. Transmission

coefficients ranged from 0.770 to 0.949 with an average value of 0.905. Intensities of

equivalent reflections were averaged. The agreement factor for the averaging was 8.8%

based on intensity. 12948 reflections were used in the refinements. However, only

reflections with Fo2>2O(Fo 2) were used in calculating R. The final cycle of refinement

included 567 variable parameters and converged (largest parameter shift was 0.03 times

its esd) with unweighted and weighted agreement factors of:

gl = _ [Fo - Fcl/_ Fo = 0.065

R2 = SQRT ( Z w ( Fo2 - Fc2 )2 / 5",w (Fo2)2 ) = 0.157

The standard deviation of an observation of unit weight was 1.03. The highest peak in

the final difference Fourier had a height of 0.51 e/A 3. The minimum negative peak had a

height of-0.72 e/A 3. Table 3.1 gives a summary of the crystal parameters and other

details of refinement.



Table3.1. Crystallographic data for [Cu(CuH32N4)]BCz4Hz0.

CuN4C56BH52

a = 17.4883(4)A

b-- 9.86860(10)A

c = 26.3747(6)]_

13=97.7021(8) °

V = 4510.8(3)]k 3

Z=4

formula weight 855.42

space group P21/n (No. 14)

T = 296. K

_, = 0.71073A

p_ = 1.260g cm "3

St = 0.525mm q

transmission coeff = 0.770-0.949

R(Fo)" = 0.065 P_(Fo2)b = 0.157

a R = Y_IlFol- IFJI/_ IFolfor Fo2>2O(Fo 2)

b R_--- [_ w (IFo21-IF,21)2/23w IFo212]_rz
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[Cu(dipp)2]TFPB. A yellow-orange plate of CrsHs2CuBF24N 4 having

approximate dimensions of 0.25 x 0.22 x 0.10 mm was grown by slow evaporation of an

aqueous alcoholic solution of the compound. The crystal was mounted on a glass fiber

in a random orientation. Cell constants and an orientation matrix for data collection

were obtained from least-squares refinement, using the setting angles of 43343

reflections in the range 4 < 0 < 30 °. Data were collected to a maximum 20 of 61.0 °. A

total of 43343 reflections were collected, of which 8774 were unique. Transmission

coefficients ranged from 0.706 to 0.958 with an average value of 0.894. Intensities of

equivalent reflections were averaged. The agreement factor for the averaging was 6.2%

based on intensity. 8774 reflections were used in the refinements. However, only

reflections with Fo2>2O(Fo 2) were used in calculating R. The final cycle of refinement

included 891 variable parameters and converged (largest parameter shift was 0.04 times

its esd) with unweighted and weighted agreement factors of:

R1 = _ IFo - Fo[ / _ F o = 0.093

R2 = SQRT ( Y_w ( Fo2 - F¢2 )2 / _ w (Fo2)2 ) = 0.253
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The standard deviation of an observation ofunit weight was 1.03. The highest peak in

the final difference Fourier had a height of 0.86 e/A 3. The minimum negative peak had a

height of-0.71 e/A 3. Table 3.2 gives a summary of the crystal parameters and other

details of refinement.

Table 3.2. Crystallographic data for [Cu(C.H_4)]BC_HnF2(.

CuF2,N(CaBI-Is2

a= 14.2523(3)A

b = 16.0496(4)A

e = 17.5801(3)A

a = 112.4150(13)"

[3-- 105.7480(13) °

y= 99.6078(11) °

V = 3408.7(3)A 3

Z=2

formula weight 1455.51

space group PT (No. 2)

T = 296. K

= 0.71073A

p_ = 1.418g cm "3

I_= 0.425mm "1

transmission coeff = 0.706-0.958

R(Fo)' = 0.093

R_(F2) b= 0.253

a R = _ lIFo]- IF_II/_ IFol for Fo2>2O(Fo 2)

b R_ = [_1 w (IFo21- IFc21)2/_w 1Fo212]'a

[Cu(dptmp)2]PF6.TI-IF. An orange chunk of C_-Is6CuF_N4OP having

approximate dimensions of 0.25 x 0.20 x 0.18 mm was grown by slow diffusion of

toluene into a THF solution of the compound. The crystal was mounted on a glass fiber

in a random orientation. Cell constants and an orientation matrix for data collection

were obtained from least-squares refinement, using the setting angles of 33837

reflections in the range 3 < 0 < 31 °. Data were collected to a maximum 20 of 63.9 °. A

total of 33837 reflections were collected, of which 13753 were unique. Transmission

coefficients ranged from 0.751 to 0.911 with an average value of 0.875. A secondary

extinction correction was applied.18 The final coefficient, refined in least-squares, was

0.0240000 (in absolute units). Intensities of equivalent reflections were averaged. The
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agreement factor for the averaging was 5.5% based on intensity. 13753 reflections were

used in the refinements. However, only reflections with Fo2>2o(F, 2) were used in

calculating R. The final cycle of refinement included 666 variable parameters and

converged (largest parameter shift was 0.04 times its esd) with unweighted and weighted

agreement factors of:

gl = II IF, - FJ / 21 Fo = 0.074

R2-- SQRT ( 2] w ( F, 2- Fc2 )2 / y. w (Fo2) 2 )= 0.190

The standard deviation of an observation of unit weight was 1.03. The highest peak in

the final difference Fourier had a height of 0.67 e/A 3. The minimum negative peak had a

height of-0.56 e/A 3. Table 3.3 gives a summary of the crystal parameters and other

details of"refinement.

Table 3.3. Crystallographic data for [Cu(CssHaN0]PF6"C4HsO.

CuPF_ON(C_-I_

a = 12.8486(4)A

b = 13.7341(4)A

c = 15.1678(3)/_

it= 99.5819(14) °

13=96.7263(13) *

y = 97.3311(12) °

V = 2591.3(2)]), 3

Z=2

formula weight 1057.65

space group P'i" (No. 2)

T = 296. K

_. = 0.71073/_

p_ = 1.355g cm "3

Ia = 0.516ram a

transmission coeff = 0.751-0.911

R(Fo)" = 0.074

P_(F.2) b = 0.190

a R = 21 IIFol- IFdl/21 IF,I for Fo2>20(F, 2)

b 1_ = [21 w (IFo2{ - IFo2I)2/_ w IFo212]v2
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Preparations

Copper complexes were prepared following literature methods _9and were

recrystallized from ethanol and water. Metathesis reactions were done in a mixture of

ethanol and water and the compound was isolated sacrificially, meaning that the isolated

yields were on the order of 75%. This was done to insure conversion without

contamination.

Results

Crystal Structure Analysis

[Cu(tmv),_]BPh;

Figure 3.1 gives a view of the copper complex along with the atom labels. The

positional and thermal parameters, along with bond lengths and bond angles are given in

Tables 3.4, 3.5, and 3.6, respectively. The geometry around the copper center is best

described as psuedotetrahedral with molecular symmetry closer to D2dthan D 2. The

average chelate-bite angle is 81.25 °, which is a typical value for copper

phenanthrolines.a, 20 All of the Cu-N bond distances are similar in value, so there is no

"rocking" distortion as is present in 2,9-diaryl substituted phenanthroline complexes. 2_'_'

The average Cu-N bond distance is 2.044 A. This value is close to other non-2,9-

substituted phenanthroline complexes. For example, the average Cu-N distance in

[Cu(phen)2]CIO4 is 2.049 A, s while for [Cu(phen)z]CuBr2 the average value is 2.039 A. 8

The one geometrical characteristic that sets [Cu(tmP)2]BPh4 apart is its rather large

dihedral angle. [Cu(tmp)z]BPh4 has a dihedral angle of 81.8 °, while the dihedral angles

(Oz) for [Cu(phen)z]CIO4, [Cu(phen)2][Cu(OAc)2], and [Cu(phen)2]CuBr2 are 49.9°, 8

68.6°, 8 and 76.8°, _ respectively. In fact, this dihedral angle is larger than the Oz of some

[Cu(dmp)2]X complexes. [Cu(dmp)2]Br and [Cu(dmp)2]NO3 have dihedral angles of
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• 79.9 ° and 72.4 °, respectively)' _ Figure 3.2 shows the [Cu(tmp)2]+ cation fi'om behind

one of the phenanthroline ligands. The almost perpendicular arrangement of the two

trap ligands is indicative of the large Oz.

7

C33(

C55

115
:12 C26

C1_ C216

Cl17 Cl18
215

Figure 3.1. ORTEP drawing of [Cu(tmp)2]BPh_ with labeling scheme and 50%

ellipsoids. Hydrogen atoms have been omitted for clarity.

Figure 3.2. ORTEP drawing of the [Cu(tmp)2] ÷ cation from behind one phenanthroline

ligand. The angle between the two phenanthroline lignds is Oz (81.8°).
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Table 3.4. Positional and temperature parameters (A z) for [Cu(tmp)z]BPh4.

Atom U (A 2)"

Cu

N 11)

N 21)

N 112

N 212

C 12)

C 13)

C 14)

C 15)

C 16)

C 17)

C 18)

C 19)

C 22)

C 23)

C 24)

C 25)

C(26)

C(27)

C(28)
C(29)

C(31)

C(32)

C(33)

C(34)

C(35)
C(36)

C(41)

C(42)

C(43)

C(44)

C(45)
C(46)

C(51)
C(52)
C(53)
C(54)
C(55)
C(56)

C(61)

C(62)

C(63)

C(64)

C(65)

C 66)

C Ii0

C iii

C 113

C 114

C 115

C 116

x y

0.253358(19) 0.06729(4)

0.18432(12) 0.1880(2)

0.34472(13) 0.1290(2}

0.14921(13) 0.0173(2)

0.33801(13) -0.0455(2)

0.20183(17) 0.2720(3)

0.14855(19) 0.3512(3)

0.07192(18) 0.3393 (3)

0.05009(15) 0.2467(3)

-0.02781(17) 0.2174(3)

-0.04626(17) 0.1275(4)

0.01154(15) 0.0562

-0.00541(18) -0.0378

0.34804(19) 0.2165

0.4158(2)

0.4848(2)

0.48395(16)

0.55179(17)

0.54802(18)

0.47664(16)

0.4698(2)

-0.23565(15)

-0.29496(17)

-0.31154(19)

-0.2702(2)

-0.21201(19)

-0 19498(18)

-0 22485(14)

-0 23328(16)

-0 24297(16)

-0 24423(16)

-0 23670(17)

-0 22728(17)

-0 11567(15)

-0 06418(17)

0 01366(18)

0 04453(19)

-0 0040(2)

-0 08184(18)

-0 25896(17)

-0 2267(2)

-0 2713(4)

-0 3484(4)

_0 3819 (3)

-0 3379(2)

0 0558 (2)

0.13080(19)

0.08919(14)

0.10867(14)

0.1788(3)

0.0121(2)

0.2577

0.2056

0 1112

0 0497

-0 0411

-0 0813

-0 1775

0 3798

0.4278

0.5657

0.6609

0.6182

0.4810

0.1543

0.2281

0.1646

0.0265

-0.0502

0.0128

0.2115

0.1233

0.1190

0.2027

0.2922

0.2955

0.1261

0.0565

-0.0246

-0.0403

0.0252

0.1056

-0.0981

-0.0676

0.0817

0.1754

0.4424

0.4223

(3)
(3)
(3)
(3)
(3)
(3)
(4)
(4)
(3)
3)
3)
3)
3)
3)
3)
3)
3)
3)
4)

(4)
(3)
(3)
(2)
(3)
(3)
(3)
(3)
(3)
(3)
(3)
(4)
(4)
(4)
(3)
(3)
(3)
(3)
(3)
(4)
(3)

z

0.274371(15)

0.31252 (8)

0.23961 9)

0.23484 9)

0.3158619)

0.35194 11)

0.37416 11)

0.35543,12)

0.31503,11)

0.2942314)

0.25627 14)

0.2330912)

0.1927513)

0.20183 12)

0.18300 13)

0.20613 14)

0.24617 13)

0.27391 17)

0..31152(16)

0.32707 13)

0.36633 13)

0.43421 11)

0.45997 11)

0.46317 13)

0.44075 14)

0.41510 15)

0.41197 13)

0.37489 10)

0.32956(11)

0.28160(11)

0.27746(12)

0.32147(12)

0.36839(11)

0.45375(10)

0.43470(12)

0.45359(14)

0.49220(13)

0.51196(13)

0.49320(11)

0.46828 (11)

0.51226(12)

0.53970(16)

0.52524 (19)

0.48257(18)

0.45446(13)

0.17336(13)

0.19632(12)

0.25270(11)

0.29405(10)

0.41808(15)

0.37779(15)

0.06220(14)

0.0479(7)

0.0517(7)

0. 0502 (7)

0. 0507 (7)

0. 0554 (9)

0. 0592 9)

0.0557 9)

0.0495 8)

0.0674 12)

0.0676111)

0.0514 8)

0.0585 9)

0.0633,10)

0.0668 12)

0.0670,10)

0.05809)

0.0772 12)

0.0746 12)

0.0567 9)

0.0633 10)

0.04648)

0.05198)

0.0647 I0)

0.0701 12)

0.0701 12)

0.0621(9)

0.0446(7)

0.0518(8)

0. 0609 (9

0.0606(9

0.0568(9

0.0529(9

0.0447(7

0.0551(9

0.0672(10)

0.0649(10)

0.0689(10)

0.0588(9)

0.0500(8)
0.0680(12)

0.0995(18)

0.1012(18)

0.0872(14)

0.0652(10)

0.0631(10)

0.0608 (10)

0.0445(7)

0.0443(7)

0.0895(14)

0.0796(14)
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Table 3.4, continued

Atom x y z

C(I17) -0.0877(2) -0.0736(4) 0.17136(16)

C(I18) 0.0455(3) -0.1970(4) 0.12931(14)

C(210) 0.3983(2) -0.2019(3) 0.37970(12)

C (211) 0.33530(19) -0. 1310 (3) 0.35433(12)

C(213) 0.40965 (14) -0.0200(3) O. 30211(11)

C(214) 0.41263(15) 0.0749(3) 0.26135(11)

C(215) 0.4091(3) 0.3575(4) 0.13935(15)

C (216) 0.5605(2) 0.2489(4) 0.18823(17)

C(217) 0.5408(2) -0.2485(4) 0.39281(16)

C(218) 0.3835(3) -0.2995(4) 0.42172(15)

B -0.20917(18) 0.2192(3) 0.43287(12)

a Ueq = (i/3)EiE_ Uija'ia'_ai'aj

U (A2)"

0.0845(14)

0.0916(15)

O. 0652 (I0)

0.0595 (9)

0.0449(8)

0.0469(8)

O. 0992 (17)

0.1001(17)

0.0995(15)

O. 0973 (16)

O. 0452 (9)
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Table 3.5. Bond distances (A) for [Cu(tmp)2]BPh 4.

estimated standard deviations in the least significant

Atom 1

Cu

Cu

Cu

Cu

N(ll)

N(11)
N(21)

N(21)

N(II2)

N(II2)

N(212)

N(212)

C(12)

C(13)

C(13)

C(14)

c(14)
c(15)
C(15)

C(16)
C(17)

C(18)
C(18)
C(19)

C(19)

C(22)

C(23)

C(23)

C(24)

C(24)

C(25)

C(25)

C(26)

C(27)

C(28)

C(28)

Atom 2

N(II2)

N(21)

N(212)

N(ll)

C(12)

C(114)
C(22)

C(214)

C(III)

C(I13)

C(211)

C (213)

C(13)

C(14)

C(I15)

C(15)

C(I16)

C(114)

C(16)
C(17)

C(18)

C 113)

C 19)

C Ii0)

C 117)

C 23)

C 24)

C 1215)

C 125)

C 1216)

C 214)

C 26)

C 27)

C [28)

C 213)

C(29)

Distance

2. 034 (2)

2.039(2)

2.048(2)

2.053(2)

I. 332 (4)

1.353(3)

1.326(4)

1.357 (3)

1.323(4)

I. 364 (3)

1.326(4)

1.373(3)

1.404(4)

1.370(4)

1.506(5)

1.417(4)

1.510(4)

1.415(3)

1.428(4)

1.345(5)

1.434(4)

1.409(4)

1.412 (4)

1.381(5

1.515(4

1.405(4

1.376(5

1.508(5
1.410(5

1.525(4

1.407(4

1.442(5

1.345(5

1.421(5

I. 402 (4

1.422(5

Numbers in parentheses are

digits.

Atom 1

C(29)

C(29)

C(31)

C(31)

C(31)
C(32)

C(33)

C(34)
C(35)

C(41)

C(41)
C(41)

C(42)

C(43)

C(44)

C(45)

C(51)
C(51)
C(51)
C(52)

C(53)
C(54)

C(55)
C(61)

C(61)

C(61)

C 162)

C 63)

C :64)

C 65)

C Ii0

C 110

C 113

C 210

C 210

C(213

Atom 2

C(210)

C(217)

C(32)

C(36)

B

C(33)

C(34)

C(35)
C(36)

C(42)

C(46)

B

C(43)

C(44)

C(45)
C(46)

C(52)

C(56)

B

C(53)
C(54)
C(55)
C(56)
C(66)

C(62)

B

C(63)

C(64)

C(65)
C(66)

C(III

C(I18

C(i14

C(211

C(218

C(214

Dis tance

1.365 (5)

1.512 (4)

1.397 (4)

1.399(4)

1.653(4)

1.396(4)

i. 368 (5)

i. 362 (5)

1.391(4)

1.391(4)

1.408(4)

1.647(4)

1.401(4)

i. 367 (5)

1.377(4)

1.375(4)

1.394(4)

1.398(4)

1.656(4)

1.386(4)

1.365 (4)

1.375(4)

1.385(4)

1.394(4)

1.400(4)

1.641(4)

1.386(5)

1.360(7)

1.360(6)

1.387(5)

1.401(5)

1.509(5)

1.436(4)

1.398(4)

1.516(5)

1.432(4)
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Table 3.6. Bond angles (deg.) for [Cu(tmp)z]BPh4. Numbers in parentheses are

estimated standard deviations in the least significant digits.

Atom 1

N (112)

N (112)

N(21)

N(112)

N(21)

N (212)

C(12)

C(12)
C(I14)

C(22)

C(22)

C(214)

C(III)

C(III)

C(I13)

C(211)

C(211)

C(213)

N(11)
C(14)

c(14)
C(12)
C(13)

C(13)

C(15)
C(I14)

C(I14)

C(14)

C 17)

C 16)

C 113)

C 113)

C 19)

C II0)

C ii0)

c 18)
N 21)

C 24

C [24

C 22

C [23

C(23

C(64

C(65

C(19

C(19

C(III)

N(II2)

N (112)

Atom 2

Cu

Cu

Cu

Cu

Cu

Cu

N(11)

N(Zl)

N(11)
N(21)

N(21)

N(21)

N(II2)

N(II2)

N(II2)

N(212)

N(212)

N(212)

C(12)

C(13)

C(13)
C(13)

C(14)

C(14)
C(14)
C(15)
c(15)
c(15)
c(16)
C(17)

C(18)
C(18)
C(18)
C(19)

C(19)

C(19)

C(22)

C(23

C(23

C(23

C(24

C 24

C 65

C 66

C ii0)

C II0)

C ii0)

C iii)

C 113)

Atom 3

N(21)

N (212)

N(212)

N(11)

N(II)

N(11)

C(114)

Cu

Cu

C (214)

Cu

Cu

C(I13)

Cu

Cu

C(213)

Cu

Cu

C(13)

C(12)

C(I15)

C 115)

c 15)
C 116)

C 116)

C 14)

C 16)

C 16)

C [15)

C 18)

C 19)

C 17)

C 17)

C i18)

C [117)

C 117)

C 23)

C 22)

C (215)
C(215)

C(25)

C(216)
C(66)

C(61)

C(III)

C(I18)

C(I18)

C(I10)

C(18)

Angle

122.94 (I0)

132.49(9)

81.29(9)

81.20(9)

126.49(9)

118.95(9)

116.7(2)

130.87(19)

i12.40(18)

116.7 (2)

130.43(19)

112.74 (18)

116.2 (3)

131.0(2)

112.80 (19)

116.5(2)

131.1(2)

112.28(18)

125.2 (3)

I18.3(3)

123.7(3)

118.0(3

118.6(2

120.6(3

120.8 (3

118.6(3

116.9(3

124.5(3

122.8 (3

121.9(3

119.2(3

117.1(3)

123.7 (3)

117 8 (3)

120 4 (3)

121 8 (3)

125 3 (3)

117 8 (3)

123 8 (3)

118 4 (4)

118 8 (3)

120.3(3)

120.4 (4)

123.0(4)

118.3(3)

123.0(3)

118.6(3)

125.8 (3)

122.6(3)

Atom 1

C(25)
C(214)

C(214)

C(24)
C(27)

C(26)

C(213)

C(213)

C(29)

C(210)

C(210)

C(28)

C(32)

C(32)

C(36)

C 33)

C 34)

c 35)
C 134)

C 35)

C 42)

C 42)

C 46)

C 41)

C 44)

C 43)

C(46)

C(45)
C(52)

C(52)

C(56)

C(53)
C(54)

C(53)

C(54)
C(55)
C(66)

C(66)

C(62)

C(63)

C(64)

C(65)
C(211)

N{212)

N(212)

N(212)
C(28)

N(21)

N(21)

Atom 2

C(24)

C(25)

C(25)

C(25)

C(26)

C(27)

C(28)

C(28)

C(28)
C(29)

C(29)

C(29)

C(31)
C(31)
C(31)

C(32)

C 33)

C 34)

C 35)

C 36)

C 41)

C 141)

C 41)

C 42)

C 43)

C 44)

c 45)
C 46)

C 51)

C(51)
C(51)
C(52)
C(53)

C(54)
C(55)
C(56)

C(61)

C(61)

C(61)

C(62)

C(63)

C(64)

C(210)

C(211)

C(213)

C(213)

C(213)

C(214)

C(214)

Atom 3

C(216)

C(24)

C(26)

C(26)

C(25)
C(28)

C(29)

C(27)

C(27)

C(28)

C(217)

C (217)

C(36)

B

B

C(31)

C(32)

C(33)

C(36)

C(31)

C(46)

B

B

C(43)

C(42)

C(45)

C(44)

C(41)

C(56)
B

B

C(51)

C(52)

C(55)
C(56)
C(51)
C(62)

B

B

C(61)

C(62)

C(63)

C(218)

C(210)

C(28)

C(214)

C(214)

C(25)

C(213)

Angle

120.9 (4)

118.7(3)

116.7 (3)

124.6(3)

122.4 (3)

122.0(3)

118.9 {3)

117.1(3)

124.0 (3)

118.4(3)

121.5(3)

120.1(3)

114.5(2)

124.3(2)

121.0(2)

122.3 (3)

121.2 (3)

I18.4(3)

120.7 (3)

123.0 (3)

114.7(3)

125.5 (2)
119.8(2)

121.9 3)

121.1 3)

118.8 3)

119.8 3)

123.8 3)

114.2 3)

124.4 2)

121.4 2)

122.7 3)

121.4 13)

118.0 13)

120.5(3)

123.3 (3)

114.8(3)

121.0 (3

124.1(3

121.6(4

121.6(4

118.6(4

117.9(3

125.3(3

122.1 (3

116.4 (2

121.5(2

122.6(3

117.2 (2



Table 3.6, continued

Atom 1 Atom 2 Atom 3 Angle Atom 1 Atom 2 Atom 3 Angle

N (112) C (113) C (114) 116.6(2) C(25) C (214) C (213) 120.2 (3)

C(18) C(113) C (114) 120.8(2) C(61) B C(41) 106.0(2)

N(11) C (114) C(15) 122.5(3) C(61) B C(31) 110.7(2)

N(11) C(114) C (113) 117.0(2) C(41) B C(31) 112.4 (2)

C(15) C (114) C (113) 120.5(2) C(61) B C(51) 111.1(2)

C(29) C(210) C (211) 118.6(3) C(41) B C(51) 109.0(2)

C(29) C(210) C(218) 123.5 (3} C(31) B C(51) 107.7(2)
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[Cu(diDp)_]TFPB

A view of the [Cu(dipp)2] ÷ cation, along with the atomic labeling scheme, is

shown in Figure 3.3. The positional and thermal parameters, bond distances, and bond

angles are shown in Tables 3.7, 3.8, and 3.9, respectively. In this case, the dihedral

angle between the two phenanthroline ligands around the metal complex is almost 90 °.

All 4 isopropyl groups are oriented so that each methine hydrogen is pointing towards

the copper center, to relieve steric congestion. A least-squares fit of the two ligand

planes gives an angle of 88.92 °, while calculation Of Oz from the bond angles gives a

value of 88.8". This large angle is in line with that of other phenanthroline complexes

with large 2,9 substituents and therefore not surprising considering the steric bulk of the

isopropyl substituents. For example, with either n-pentyl 9 or CF3 u groups in the 2,9

positions, Oz approximately is 87 °. If however, a perchlorinated phenanthroline ligand is

used, Oz is 89.5°. 2s The average chelate-bite angle for the ligands in [Cu(dipp)2] + is

82.76 °, in line with other phenanthroline complexes. 3' 20 What is surprising about this

structure is the asymmetry of the Cu-N bond lengths. One of the ligands has average

bond lengths (2.020 and 2.053 A), while the other dipp ligand has one rather short

(2.007/_) and one rather long (2.068 A) bond. This type of coordination is usually

found in 2,9 aryl substituted phenanthrolines. 21'22 In this case, however, the lack of

conjugation with the 2,9 substituent has let_ the physical properties unaltered, unlike

what occurs with aryl substitution, vida infra.
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L0

Figure 3.3. ORTEP drawing of the [Cu(dipp)z] ÷ cation with labeling scheme. All

hydrogens, save the methine hydrogens, have been omitted for clarity. Ellipsoids are

50% except for the spheres representing hydrogen atoms.

Figure 3.4. ORTEP drawing of the [Cu(dipp)2] + cation from behind one phenanthroline

ligand. The angle between the two phenanthroline lignds is Oz (88.8°).
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Table 3,7. Positional and temperature parameters (A s) for [Cu(dipp)2]TFPB.

At om x y z U (A 2)°

Cu

N(11)

N(21)

N (112)

N(212)

C(12)
C(13)
C(14)

C(15)

C(16)

C(17

C(18

C(19

C(22

C(23

C(24

C(25
C(26)

C(27)

C(28)

C(29)

c(11o)
C(111)

C(113)

C(114)

C (115)

C 116)

C 117)

C 118)

C 119)

C 120)

C 210)

C 211)

C 213)

C 214)

C 215)

C 216)

C 217)

C 218)

C 219)

C(220)

F(331)

F(332)

F(333)

F(351)

F(352)

F(353)

F(431)

F(432)

F(433)

F(451)

F(452)

0.77055(6)

0.7266(4)

0.8736(4)

0. 8120 (4)

0.6846(4)

0.6842(5)

0. 6612 7)

0. 686317)

0.7325 6)

0.7607 I0)

0.8053 12)

0. 8252 i0)

0. 8743 115)

0.9688(5)

1.0240(7)

0. 9797 (7)

0. 8808 (7)

0.8286(9)

0.7335 (8)

0. 6814 (6 )

0.5852(7)

0.8900(15)

0. 8552 (9)

0.7957 (6)

0.7508(5)

0. 6639 7)

0. 4438 11)

0.2649i 15)

0. 8725 12)

0. 1959 15)

0.0127 15)

0. 5405 6)

0.5917 5)

0.7288 5)

0. 8293 5)

1. 0144 (6)

1. 0037 (10)

0.1244(8)

0.5434 (6)

0.4479(10)

0.4813(12)

0.2798(8

0.2212 (6

0. 3562 (5

0. 6467 (8

0. 3272 (5

0. 6248 (5

0.0595(4

0.1086(5

0.1211(5)

0.1575(8)

0.1591(9)

0.52667 (5)

0.3865(4)

0. 5657 (3)

0.5486(4)

0.5812 (3)

0.3077 (5)

0.2179(6)

0.2118(6)

0.2919(6)

0.2893(9)

0.3700 (I0)

0.4625 (8)

0.5485(11)

0.5614 (5)

0.5865(7)

0.6154(6)

0. 6223 (5)

0.6538(5)

0.6596(5)

0.6366(4)

0. 6454 (5)

0.6329(10)

0. 6304 6)

0.4644 6)

0.3794 5)

0.3174 5)

0.7328 13)

0.7170 16)

0.7229 17)

0.2211 ii)

0.2201 12)

0.6228(6)

0.5906(5)

0.6039(4)

0. 5964 (4)

0. 5273 (7)

0.4221(9)

0.5834 (I0)

0.5676(6)

0.4796(11)

0.3491(11)

0.3426(5)

0.3860(6)

0.4715(4)

0. 4497 (7)

0.6626(14)

0. 3524 (7)

0.8343(5)

0. 8618 (I0)

0. 9711 (5)

0.1673(8)

0.0354 (6)

-0.29681 (4)

-0.3888(3)

-0.1728 (3)

-0.3896(3)

-0.2281 (3)

-0.3859 (5)

-0.4572 (6)

-0.5280(6)

-0.5321(4)

-0. 6039 (6)

-0. 6036 6)

-0. 5319 6)

-0.5252 10)

-0.145914)

-0.0574 6)

0.0039_ 5)

-0.0202 4)

0. 0390 5)

0.0107 5)

-0.0791 4)

-0. 1111 (6)

-0.4553(10)

-0.3876(6)

-0.4606(4)

-0.4599(4)

-0.3030(6)

0.3212 (11)

0.2499(11)

-0. 3068 (8)

0.3400 (12)

0.2633(13)

-0. 1974 6)

-0.2563 5)

-0.1413 4)

-0. iii0 4)

-0.2167 5)

-0.2473 9)

0. 8108 9)

-0.3524 5)

0.5979 8)

0.3650 9)

-0.3282 5)

-0.2346 8)

0.7854 5)

-0. 0034 (9)

0. 0570 (6)

0.0346(6)

0.2422 (4)

0.1536(6)

0.2706(8)

0.0977 (4)

0.0496(4)

0. 0632 (4)

0. 063 (2)

0.063(2)

0.073(2)

0.061(2)

0.079(3)

0.107 (4)

0. 104 (4)

0.091(4)

0. 128 (6)

0.151(7)

0. 128 (6)

0.200(10)

0.078(3)

0.105(4)

0.I04(4)

0.081(3)

0.097(4)

0.094(4)

0.075(3)

0. 097 (4)

0.199(11)

0.113(5)

0.080(3)

0.069(3)

0.095(4)

0.221(10)

0.227(15)

0.143(7)

0.210(12)

0.230(12)

0.096(4)

0 073 (3

0 061 (3

0 062 (2

o ioo (4
0 170 (8

0 161 (8

0 096(4

0. 175 (7

0.174(9)

0.195(5)

0.205(7)

0.171(4)

0.309(8)

0. 357 (12)

0.211(5)

0.138(4)

0.235(8)

0.268(7)

0.214(7)

0.255(6)
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Table 3.7, continued

Atom

F(453)

F(531)

F(532}

F(533)

F(551)

F(552)

F(553)

F(631)

F(632)

F(633)

F(651)

F(652)

F(653)

C(31)

C(32)

C(33)

C(34)

C(35)

C(36)

C(41)

C(42)

C(43)

C(44)

C(45)

C(46)

C(51)
C 52)
C 53)
C 54)
C 55)
C 56)
C 161)

C 162)

C(63)

C(64)

C(65)

C(66)

C(331)

C(351)

C(431)

C(451)
C(531)

C(551)
C(631)

C(651)

B

x

0.2846(5)

0.2882(4)

0.4103(4)

0.3047 (7)

-0. 0648 (4)

-0. 0467 (5)

0. 0078 (5)

0.3285(10)

0.3553(8)

0. 4658 (6)

0.3477 (6)

0.4294 {7}

0.3417(8)

0.3539(4)

0.3106(4)

0. 3604 (5)

0. 4592 (5)

0.5043(5)

0.4522 (4}

0.2048(4)

0. 1074 (4)

0.0404 (4)

0. 0682 (5)

0.1630(4)

0.2306(4)

0. 2335 4)

0.285514)

0.2484 5)

0. 1555 5)

0.1017 4)

0.1406 4)

0. 3607 4)

0.3416 4)

0.4070 5)

0.4911 5)

0. 5097 5)

0.4477 14)

0.3099 16)

0. 6094 (6)

0.0616(6)

0.1918(6)

0.3127 (6)

-0.0003(6)

0.3853(7)

0.4020(8)

0.2869(4)

Ueq (1/3)Y, iZj Uija'ia'jai'aj

Y

0.1453(7)

-0.0351(5)

0.0411(5)

0. 1074 (6)

-0.1574(4)

-0.1715(5)

-0.2492 (4)

-0.1547(8)

-0.2572(5)

-0.1707(7)

O. 0857 (7)

0.0546(13)

0.9540(7}

0.1844(4)

0.2397(4)

0.3329(4)

0. 3755 (4 )

0.3226(4)

0.2291 (4)

0.0820(4)

0.0880(4)

0. 1003 5)

0. 1050 5)

0. 1011 4)

0.0915 4)

0. 0251 3)

0.0495 4)

0. 0043 15)

-0.0654 15)

-0.0898(4)

-0.0484(4)

0.0110(4)

-0.0525(4)

-0.1063(4)

-0.1008(5)
-0.0405(5

0.0142(4

0.3850(5

0.3660(7

0.8914(9

0. 1057 (7

0.0340(7

-0.1655(6)

-0.1685(6)

0.0364 (9)

0.0743(4)

z

0.0938(4)

-0.6026(3)

-0.4845(3)

-0.5261(7)

-0.4853(4)

-0.6035(4)

-0.5396(5)

-0.0764 (9)

-0.1696(5)

-0.0615(7)

0.2378 (6)

0.3279 (8)

0.2125 (13)

-0.1894(3)

-0.2245(4)

-0. 1994 (4)

-0.1369(5)

-0. 1002 (4)

-0.1260(3)

-0.1741(3)

-0.2100 (3)

-0.1653(4)

-0.0816(4)

-0. 0435 (4)

-0.0882 (3)

-0.3331(3)

-0.3820(3)

-0.4739(4)

-0.5213(4)

-0.4754 (4)

-0.3836(4)

-0.2040(3)

-0. 1705 (4)

-0.1563 (4)

-0.1806(5)

-0.2174 4)

-0.2273,4)

0.7576_ 7)

-0. 0338 6)

0.2072 6)

0.0447 5)

-0.5209 5)

-0.5261 5)

-0. 1166 6)

0.2460 8)

-0.2245 4)

U (A2)"

0.192 (5)

0.140(3)

0.139(3)

0.213(7)

0.141(3)

0.185(4)

0. 157 (3)

0.295(11)

0.194(5)

0.208 (6)

0.183(6)
0.286(13)

0.318(13)

0. 048 (2)

0.057(2)

0.063(3)

0. 074 (3)

0.069(2)

0.056(2)

0.049(2)

0.056(2)

0. 068 (3)

0.073(3)

0. 062 (3)

0.056(2)

0.049(2)

0.056(2)

0. O65 (3)

0. 072 (3

0. 064 (2

0.057(2

0.050(2

0. 057 (2

0.066(3

0.076(3

0. 071 (3

0. 061 (3)

0.094 (4)

0.098(4)

0.109(5)

0.089(4)

0.099(4)

0.088(3)
0.091(4)

0.116(6)

0.049(2)
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Table 3.8. Bond distances (A) for [Cu(dipp)2]TFPB. Numbers in parentheses are

estimated standard deviations in the least significant digits.

Atom 1

Cu

Cu

Cu

Cu

F(331)

F(332)

F(333)

F(351)

F(352)

F(353)

F(431)

F(432)

F(433)

F(451)

F(452)

F(453)

F(531)

F(532)

F(533)

F(551)

F(552)

F(553)

F(631)

F(632)

F(633)

F(651)

F(652)

F(653)

N(II)

N(II)

N(21)

N(21)

N 112)

N 112)

N 212)

N 212)

C 12)

C 12)

C 13)

C 14)

C(15)

C(15)

C(55)

C(61)

C(61)
C(61)
C(62)

C(63)

C(63)

Atom 2

N(II2)

N(212)

N(21)

N(11)

C (331)

C(331)

C(331)

C (351)

C(351)
C(351)

C(431)

C(431)

C(431)

C(451)

C(451)
C(451)
C(531)

C (531)

C(531)

C(551)

C(551)

C(551)
C(631)

C(631)

C(631)

C(651)

C(651)

C(651)

C(12)

C(I14)

C(22)

C(214)

C(III)

C(I13)

C(211)

C(213)

C(13)

C(I15)

C(14)

C(15)

C(114)
C(16)

C(551)
C(62)

C(66)

B

C(63)

C(64)

C(631)

Distance

2. 007 (5)

2.020(5)

2.053(5)

2.068 (5)

1.301(11)

1.311(10)

1. 267 (9)

1. 197 (11)

1. 178 (12)

1.272 (i0)

1.283(11)

1.292 (11)

1.279(12)

1.338 (ii)

1.189(10)

1.257(9)

1.342(9)

1.329(9)

1.237 (11)

1.306(9)

1.299(9)

I. 302 (I0)

1.205(9)

1.283 I0)

1.300 I0)

1.215 i0)

1.284 13)

1.260 13)

1.333 8)

1 355 8)

1 334 8)

1 375 7)

1 336 9)

1 374 9)

1 337 8)

1.356 7)

1.412 i0)

1.517 i0)

1.359(13)

I. 381 (12)

1.410(9)

I. 414 (13)

1.505(9)

1.384 (7)

1.405(8)
1.643(8)

1.409(8)

1.378(9)

1.458(10)

Atom 1 Atom 2

C(16) C(17)

C(17) C(18)

C(18) C(19)

C(18) C(I13)

C(19) C(110)

C(22) C(23)

C(22) C(215)

C(23) C(24)

C(24) C(25)
C(25) C(26)

C(25) C(214)

C(26) C(27)

C(27) C(28)

C(28) C(29)

C(28) C (213)

C(29) C(210)

C(31) C(36)

C(31) C(32)

C(31) B

C(32) C(33)

C(33) C(34)

C(33) C (331)

C(34) C(35)

C(35) C(36)

C(35) C(351)

C(41) C(46)

C(41) C(42)

C(41) B

C(42) C(43)

C(43) C(44)

C(43) C (431")

C(44) C(45)

C(45) C(46)

C(45) C(451)

C(51) C(52)

C(51) C(56)

C(51) B

C(52) C(53)

C(53) C(54)

C(53) C(531)

C(54) C(55)

C(55) C(56)

C(I19) C(I18)

C (120) C(I18)

C(210) C(211)

C(211) C(218)

C(213) C(214)

C(215) C(217)

C(215) C(216)

Distance

1.341(15)

1.454(15)

1.385(16)

1.418(10)

1.369 (17)

1.399(10)

1.520(10)

1.364 (12)

I. 394 (12)

1.428(11)

1.421(9)

1.343(12)

1. 417 (11)

1.387(11)

1. 417 (8)

I. 348 (12 )

1.388(7)

i. 394 (8)

1.644(8)

1.381(8)

i. 387 (9)

1. 475 10)

i. 386 9)

1.392 8)

1.475 i0)

1.394 7)

I. 396 7)

1. 642 8)

1.386 8)

i. 384 9)

1.495 10)

1.360 9)

1.391 18)

1.461(9)

1.397(7)

I. 405 (7)

1.645(7)

1.389(8)

1.376(8)

1.522(9)

1.368(8)

1.387(8)

1.576(18)

1.54(2)

1.413(i0)

i. 508 (i0)

1.428(9)

1.513(13)

1.530(15)



Table 3.8, continued

Atom 1 Atom 2

C(64) C(65)

C(65) C(66)

C(65) C(651)

c(110) c(111)
c(111} c(118)
c(113) c(114)
C(115) C(i16)

c(115) c(117)

C(I16) C(115)

C(I17) c(115)

C(118) C(120)

C(I18) C(I19)

Distance

1.382(9)

1.368(8)

1.478 (10)

1.421(13)

1.536(13)

1.413(10)

1.494(14)

1.508 (16)

1.494 (14)

1. 508 (16)

1.54(2)

1.576(18)

Atom 1 Atom 2 Distance

C (217) C(215) 1.513

C (218) C(220) 1.516_

C(218) C(219) 1.544

C(219) C(218) 1.544

C(220) C(218) 1.5164

C(331) F(331) 1.301

C(331) F(332) 1.311

C(331) C(33} 1.475

C(351) F(352) 1.178

C(431) C(43) 1.495

C(651) F(653) 1.260

C(651) C(65) 1.478

73

13)

14)

14)

14)

14)

ii)

i0)

I0)

12)

_i0)

113)

_io)
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Table 3.9. Bond angles (deg) for [Cu(dipp)2]TFPB.

Atom 1

N(II2)

N(II2)

N (212)

N(II2)

N(212)

N(21)

c(12)
C(12)

C(I14)

C(22)

C 22)

C 214)

C 111)

C 111)

C 113)

C 1211)

C 211)

C 1213)

N(II)

N(ll)

C(13)

C(14)

C(13)

c(14)
C(14)

C(I14)

C(17)

C(16)

C(19)

C 19)

C 113)

C ii0)

N 21)

N 21)

C 23)

C 24)

C 23)

C 24)

C(24)

C(26)

C(27)

C(26)

C(66)

C(61)

C(64)

C(64)

C(62)

C(63)

C(66)

C(66)

C(64)

Atom 2

Cu

Cu

Cu

Cu

Cu

Cu

N(11)

N(11)
N(11)
N(21)

N(21)

N(21)

N(II2)

N(II2)

N(II2)

N 212)

N 212)

N 212)

C 12)

C 12)

C 12)

C(13)

C(14)

C(15)
C(15)
C(15)
C(16)

C(17)

C(18)

C(18)

C(18)

C(19)

C(22)

C(22)

C(22)

C(23)

C(24)

C(25)
C(25)
C(25)
C(26)

C(27)

C(61)

C(62)

C(63)

C(63)

C(63)

C(64)

C(65)

C(65)

C(65)

Atom 3

N(212)

N(21)

N(21)

N(II)

N(II)

N(II)

C(114)
Cu

Cu

C(214)

Cu

Cu

C(113)

Cu

Cu

C(213)

Cu

Cu

C(13)

C(115)

C(115)

C(12)

C(15)

C(114)

C(16)

C(16)

C(15)

C(18)

C(i13)

C(17)

C(17)

C(18)

C(23)

C(215)

C(215)

C(22)

C(25)

C(26)

C(214)

C(214)

C(25)

C(28)
B

C(63)

C(62)

C(631)

C(631)

C(65)

C(64)

C(651)
C(651)

Angle

132.8 (2)

122.6(2)

82.76(19)

82.6(2)

123.09(19)

117.60(19)

119.1(5)

130.5(4)

ii0.4(4)

I18.5(5)

131.4 (4)

110.0(4)

120.0(6)

128.8 (5)

111.1(4)

118.2(5)

130.3(4)

111.3(4)

120.8(7)

117.9(6)

121.2(7)

119.5(8)

121.1 (7)

116.6(7)

123.3(8)

120.1(9)

120.2 (9)

122.6(9)

117.2 (9)

125.9(9)

116.8 I0)

122.3 9)

122.0 7)

116.4 6)

121.5 7)

119.7 8)

120.8 7)

125.2 7)

116.6 7)

118.2 8)

121.6 7)

121.3(7)

119.5(4)

122.7 (5)

120.0(5)

120.0(6)

120.0(6)

118.3(6)

120.9 (5)

120.7 (6)

118.4(6)

Atom 1

C(29)

C(29)

C(213)

C(210)

C(36)

C(36)

C(32)

C(33)
C(32)

C{32)

C(34)

c(35)
C(34)
C(34)

C(36)
C(31}
C(46)

C(46)

C(42)

C(43)

C(42)

C(42)

C(44)

c(45)
C(44)

C(44)

C(46)

C(45)

C(52)

C(52)

C(56)

C(53)

C(54)
C(54)

C(52)

C(55)
C(54)
C(54)
C(56)

C(55)
C(62)

C 62)

F 333 )

F 333 )

F 331)

F 333)

F [331)

F [332)

F 1352)

F [352)

F [351)

Atom 2

C(28)

C(28)
C(28)

C(29)

C(31)

c(31)

C(31)

C(32)
C(33)

C(33)

C(33)
C(34)
C(35)

C(35)

C(35)

C(36)

C(41)

C(41

C(41

C(42

C(43

C(43

C(43

C(44

C(45

C(45)

C(45)

C(46)

C(51)

C(51)

C(51)

C(52)

C(53)
C(53)
C(53)

C(54)
C(55)
c 55)
C 55)

C 56)

C 61)

C 61)

C 331)

C 331)

C(331

C(331

C(331

C(331

C(351

C(351

C(351

Atom 3

C(213)

C(27)

C(27)

C(28)

C(32)

B

B

C(31)

C(34)

C(331)
C(331)

C(33)
C(36)

C(351)
C(351)

C(35)

C(42)

B

B

C(41)

C(44)

C(431)

C(431)

C(43)

C(46)

C(451)

C(451)

C(41)

C(56)

B

B

C(51)
C(52)

C(531)

C(531)

C(53)
C(56)
C(551)
C(551)
C(51)
C(66)

B

F 331)

F 332 )

F 332)

C 33)

C 33)

C 33)

F 351)

F 353)

F 353 )

Angle

116.6(7)

123.7(7)

119.7(7)

120.5(7)

115.6(5)

125.4 (5)

118.9(4)

123.4 (5)

119.8(6)

119.7(6)"

120.4(6)

118.2 5)

120.9 5)

119.4 6)

119.7 7)

122.0 6)

114.5 5)

122.2 4)

123.1 4)

123.2 5)

119 9 5)

120 1 6)

119 9 6)

118 8 5)

120 6 5)

118 6 16)

120.8 (6)

122.9 (5

115.1(5

120.0(4

124.7(4

122.5 (5

120.8 (5

120.8 (5

118.4 (5

118 1 (5)

121 4 (5)

118 9(5)

119 7 (5)

121 9 (5)

114 8(5)

125.5(5)

109.1(9)

103.4 (8)

99.3(9)

117.7 (7)

113.4 (7)

112.0(7)

101.7(11)

99.1(12)

103.0(10)

w

i-
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Table 3.9, continued

Atom 1

C(65)
C(19)

N (I12)

N(II2)

C(I10)

N(II2)

N(II2)

C(I14)

N(11)
N(11)
C(15)
C(I16)

C(I16)

C(I17)

C(III)

c(111)
c(120)
C(29)

N (212)

N(212)

C(210)

N(212)

N(212)

C(28)

N(21)

N(21)

C(25)
C(217)

C(217)

C(22)

C(211)

C(211)
C(220)

F(651)

F(651)

F(653)

F(651)

F(653)

F(652)

Atom 2

C(66)

C(II0)

C(lll)

C(111)

C(111)

C(113)
C(I13)

C(113)
C(114)
C(I14)

C 114 )

C 115)

C 115)

C 115)

C 118)

C 118)

C 118)

C 210)

C 211)

C 211)

C [211)

C 213)

C 213)

C 213)

C 214)

C(214)

C(214)

C(215)

C(215)

C(215)

C(218)

C(218)

C(218)

C(651)

C(651)

C(651)

C(651)

C(651)
C(651)

Atom 3

c(61)
C(111)

C(II0)

C(I18)

C(I18)

c(114)
C(18)
C(18)
c(15)
C(113)
C(113)

C(117)

C(12)

C(12)

C(120)

C(I19)

C(I19)

C(211)

C(210)

C(218)

C(218)

C(28)

C(214)

C(214)

C(25)

C(213)

C(213)

C(22)

C(216)

C (216)

C(220)

C(219)

C(219)

F(653)

F(652)

F(652)

C(65)
C(65)
C(65)

;M_gle

123.2 5)

117.8 11)

121.5 9)

118.46)

120.0 9)

118.3 5)

121.0 18)

120.6(7)

122.9 (7)

117.4 (5)

119.7(7)

108.6(13)

113.5(9)

111.9(8)

109.6(11)

107.5 (Ii)

112.0(12)

120.3(8)

121.1 (7)

118.3(5)

120.6 (7)

123.3 6)

118.0 5)

118.7 6)

122.3 6)

117.2 5)

120.5 6)

114.2 8)

Ii0.4 9)

II0.0 8)

112.7 8)

111.9 8)

110.9 i0)

105.4 ii)

104.6 ii)

99.0(11)

120.4 (8)

113.4(10)

111.5(9)

Atom 1

F(352)

F(351)

F(353)

F(433)

F(433)

F(431)

F(433)

F(431)

F(432)

F(452)

F(452)

F(453)

F(452)

F(453)

F(451)

F(533)

F(533)

F(532)

F(533)

F(532)

F(531)

F(552)

F(552)

F(553)

F(552)

F(553)

F(551)
F 631)

F 631)

F 632 )

F 631)

F 632)

F 633)

C 141)

C(41)

C(61)

C(41)

C(61)

c(31)

Atom 2

C(351)

C(351)
C(351)

C(431)

C(431)

C(431)

C(431)

C(431)

C(431)

C(451)

C(451)

C(451

C(451

C(451

C(451

C(531

C(531

C(531)

C(531)

C(531)

C(531)

C(551)
C(551)
C(551)
C(551)
C(551)
C(551)
C(631)

C(631)

C(631)

C(631)

C (631)

C(631)

B

B

B

B

B

B

Atom 3

C(35)
C(35)

C(35)
F(431)

F(432)

F(432)
C(43)

C(43)

C(43)
F(453)

F(451)

F(451)

C(45)

C(45)
C(45)
F (532)

F(531)

F(531)

C(53)

C(53)

C(53)
F(553)

F(551)

F(551)

C(55)
C(55)
C(55)
F(632)

F 633 )

F 633)

C 63

C 63

C 163

C [61

C [31

C(31

C(51

C(51

C(51

Angle

115.9(8}

118.1(10)

116.3(7)

104.8(9)

107.3(9)

104.0(10)

110.8(9)

114.8(7)

114.4 (8)

110.9(9)

101.8(8)

95.1(9)

117.1(8)

116.4(6)

112.4 (7)

110.8 (8)

108.8(8)
100.7(7)

113.4(8)

IIi.6(6)

110.9(7)

106.4(7)

107.0(8)

102.3(7)

113.3(6)

112.2 (7)

114.7(6)

107.6(10)

104.0(10)

95.4(7)

117.9(6)

114 8 (7)

114 5 (8)

113 4 (4)

104 8 (4)

iii 5(4)

114 1(4)

104.7 (4)

108.4(4)
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[Cu(dvtmv),]PFs'THF

A view of the [Cu(dptmp)2]PF6"THF cation, along with the atomic labeling

scheme, is shown in Figure 3.5. The positional and thermal parameters, bond distances,

and bond angles are shown in Tables 3.10, 3.1 l, and 3.12, respectively. The crystal

structure of this 2,9 aryl substituted phenanthroline complex looks on the surface like

other aryl substituted phenanthrolines. 21'_ 26 This compound shows a very distorted

geometry around the copper center with one long, one short, and two average Cu-N

bond distances. This type of arrangement has been seen in both of the crystal structures

of [Cu(dpp)2]+, 21'22 however, the dptmp complex shows the greatest difference between

the long and the short bonds (0.157 ,_ for dptmp, 0.093 A for [Cu(dpp)z]PF6, 22 and

0.137 ,/_ for [Cu(dpp)z]CuCl 2 21). This uneven bonding leads to chelate-bite angles that

are uneven, as if one of the dptmp ligands was trying to back away. This type of

distortion was not seen in the dpp structures. 2|' 22 Another interesting feature of this

crystal structure is its rather large dihedral angle, see Figure 3.6. This is most likely a

steric consequence caused by the lock placed on the phenyl rings by the peripheral

methyl groups. 1_ Indeed, the torsion angles between the phenyl groups and the

phenanthroline backbone are much larger for dptmp than any other aryl substituted

phenanthroline. For dptmp, the phenyl-phenanthroline torsion angles are 73.3 8°, 99.53 °,

-52.30 °, and 81.49 °, whereas in the dpp structures, the phenyl torsion angles all lie in the

range of40-70°. 2t"22 The rather large angles indicate an almost perpendicular

arrangement with the ligand backbone and a lack of n-conjugation. The smaller angles

indicate some twisting and probably cause the larger distortions seen in the coordination

geometry around the copper center. 2_'22Figures 3.6, 3.7, and 3.8 show different views of

the [Cu(dptmp)2] + cation that show the phenyl torsion angles and the displacements

present in the coordination geometry. For [Cu(dpp)2] +, the phenyl-phenanthroline

torsion angles fall in the range of 50-60 °, depending on the amount ofinterligand 7r-

oveflap and intraligand 7r-conjugation. 2_'_ 26
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Figure 3.5. ORTEP drawing ofthe [Cu(dptmp)2]÷ cation with atomic labeling scheme

and 50% ellipsoids.One of the dptmp ligandshas been pulledout from the metal center

for easeof viewing. Additionally,the hydrogen atoms have been omitted forclarity.

Figure 3.6. ORTEP drawing of the [Cu(dptmp)2] + cation from behind one of the

phenanthroline ligands.
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LisandB

LigandA

Figure 3.7. ORTEP drawing of the [Cu(dptmp)2] ÷ cation looking down onto one

phenanthroline ligand.

Ligand B

Figure 3.8. ORTEP drawing of the [Cu(dptmp)2] ÷ cation looking down onto'one

phenanthroline ligand.



Table 3. 10. Positional and temperature parameters (A z) for [Cu(dptmp)2]PFs'THF.

Atom U(A2)"

Cu

P(1)
F(1)
F(2)

F(3)

F(4)

F(5)
F(6)

O(301)

N(ll)

N(21)

N(II2)

N (212)

C(12)

C(13)

C(14)

C(15)

C(16)

C(17)
C(18)
C(19)

C(22)

C(23)

C(24)

C(25)

C(26)

C(27)

C(28)

C(29)

C(II0)

C(III)

C(113)
C(I14)

C(I15)

C(I16)

C(I17)

C(118)

C(121)

C(122)

C(123)

C(124)

C(125)
C(126)

C(131)

C(132)

C(133)

C(134)

C(135)

C(136)

C(210)

C(211)

x

0.14447(3)

0.51069(14)

0.4909(6)

0.4216(7)

0.5854(6)

0.6104(6)

0.4421(11)

0.5258 (5)
0.2337(6)

0.0589(2)

0.2832(2)
0.0740(2)

0.0868(2)

0.0522(3)

-0.0257(3)
-0.0921(3)

-0.0837(3)

-0.1509(3)

-0.1468(3)

-0.0725(3)

-0.0672(3)

0.3800(3)

0.4737(3)

0.4655(3)

0.3640(3)

0.3469(3)

0.2503(3)

0.1559,3)

0.0528,3)

0.0105 4)
0.0813 3)

-0.0014 3)

-0.0084 3)

-0.0364 5)

-0.1762 4)

-0.1443 5)

0.0202 5)

0.1291 3)

0.13954)

0.214314)

0.2785(5)

0.2699(5)

0.1967(4)

0.1711(3)

0.1626(4)

0.2465(5)

0.3370(5)

0.3458(6)

0.2632(5)

-0.0318(3)

-0.0114(3)

Y

0.19769(3)
-0.20560(13)

-0.3152 (4)

-0.1896(8)

-0.1864(9)
-0.2178 (6)
-0.2245(6)

-0.0954(4)

0.4909(8)

0.1986(2)
0.2580(2)

0.0522 (2)

0.2723(2)

0.2733(3)
0.2653(3)

O. 1767 (3)
0.0962 ( 3 )

0.0016(3)

-0.0691(3)
-0.0571(3)

-0.1283(3)

0.2464 (3)
0.2832 (4)

0.3342(3)

0. 3492 (3)

0.4033(4)

0.4180(3)

0.3756(3)

0. 3868 (3)

-0.1083(3)

-0. 0174 (3)

0.0331(3)

0. 1120 (3

0.3577 (4

0. 1641 (5

-0. 2238 (4

-0. 1805 (4

0. 3653 (3

0.4111(3

0. 4955 (4

0.5359(4

0. 4917 (4

0.4079(4

0.0065(3

0.0669(4

0. 0907 (5

0.0539(7

-0.0122(8

-0.0327(6)

0.3359(3)

0.2774 (3)

z
l

0.27160(3)

0.21604(13)

0.1802(7)

0.1541(7)

0.1531(5)

0.2782(4)

0.2845(8)

0.2697(4)
0.8560(6)

0.14837(19)

0.34572(19)
0.24421(18)

0.38816(18)

0.1018(3)

0.0250(3)

-0.0065(3)

0.0401(2)

0.0154(3)

0.0656(3)

0.1462(3)

0.2032(3

0.3256(2

0.3875(3

0.4727(3

0.4942(3

0.5785(3

0. 5971 (3)

0. 5334 (2)

0. 5512 (2)

0.2783(3)

0.2954 (3)

0.1707(2)

0.1178(2)

-0.0171(4)

-0.0881(3)

0.1824(5)

0.3425(4)

0.1376,3)

0.2269 3)

0.2617 4)

0.2084 4)

0.1198 4)

0.0828 3)

0.3723 3)

0.4522 3)

0.5211 4)

0.5113 5)

0.4318 5)

0.3634(4)

0.4878(2)

0.4079(2)

0.05238(16)

0.1007(6)

0.272(5)

0.332(6)

0.312(6)

0.233(4)

0.351(7)

0.194(3)

0.208(4)

0.0480(8)

0.0497(8)

0.0475(8)

0.0463(8)

0.0546(11)

0.0626(13)

0.0624,13)

0.0546 i0)

0.0651 13)

0.0672 13)

0.0583 ii)

0.0679 13)

0.058112)

0.070713)

0. 0654 [13)

0:0575 ii0)

0.0707 113)

0.0667 13)

0.0505 10)

0.0511 10)

0.0713 16)

0.0583 11)

0.0489 10)

0.0484 10)

0.096(2)

0.091(2)

0.100(2)

0.103(2)

0.0590(11)

0.0695(14)

0.088(2)

0.098(2)

0.098(2)

0.0796(16)

0.0669(13)

0.0794(18)

0.099(2)

0.128(3)

0.157(4)

0.116(3)

0.0502(10)

0.0476(10)

79
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Table 3.1 O, continued

Atom x

C(213) 0.1701(3)

C(214) 0.2753(3)

C(215) 0.5803(4)

C(216) 0.5634(3)

C(217) 0.0352(4)

C(218) -0.1453(3)

C(221) 0.3865(3)

C(222) 0.3709(4)

C(223) 0.3852 (4)

C(224) 0.4135(4)

C (225) 0.4264(4)

C (226) 0.4131(4)

C (231) -0.0993 (3)

C(232) -0.1448(3)

C (233) -0.2278 (4)

C(234) -0.2660(3)

C (235) -0.2226(3)

C(236) -0.1391(3)

C(302) 0.2586(10)

c(303) 0.3620(11)

C(304) 0.4180(8)

C(305) 0.3401(10)

a U,q = (I/3)ZIZ j Uija'la'jai'aj

Y

0.3206(2)

0.3093(3)

0.2650 (5)

0. 3727 (5)

0.4517 (3)

0.3429(4)

0. 1978 (3)

0.2519(4)

0.2139(5)

0. 1202 (5)

0.0642 5)

0.103314)

0.2150 3)

0. 1237 3)

0.0652 4)

0.0972 4)

0.1876 4)

0.2465

0.5817

0.6198

0.5414

0.4548

3)
9)

IO)
9)

9)

z

0.4506

0.4290

0.3597

0.5420

0.6366

0.5031

0.2310

0.1626

0.0753

0.0560

0.1217

0.2099

0.3415

0.3582

0.2974

0.2219

0.2052

0.2642

0.8681

0.8954

0.8782

0.8637

(2)
(2)
(4)
(3)
(3)
(3)
(3)
(3)
(3)
(4)
(4)
(3)
(2)
(3)
(4)
(3)
(3)
(3)
(14)
(17)
(12)
(9)

U(A2)"

0.0456(9)

0.0498 (i0)

0.i09(2)

0.0895(19)

0. 0684 (14)

0.0693(14)

0.0596(12)

0. 0749 (14)

0.090(2)

0.091(2)

0.095(2)

0.0816(18)

0. 0512 (I0)

0. 0693 (14)

0.0795(16)

0.0783(15)

0.0775 (15)

0.0621 (13)

0.298(13)

0. 348 (13)

0.240(10)

0. 184 (6)

w

w



Table 3. I 1. Bond distances (A) for [Cu(dptmp)2]PF6"THF.

estimated standard deviations in the least significant digits.

Atom 1 Distance Atom 1

Cu

Cu

Cu

Cu

S(1)

P(1)

P(1)
P(1)

P(1)

P(1)
N(II)

N(11)
N(21)

N(21)

N(II2)

N(II2)

N(212)

N(212)

C(12)

C(12)

C(13)

C(13)

C(14)
C(14)
C(15)
C(15)
C(16)

C(17

C(18

C(18

C(19

C(19

C(22

C(22

C(23

C(23

C(24

C(24

C(25

C(25
C(26

C(27

Atom 2

N(21)

N(112)

N(11)

N (212)

F(2)

F(3)

F(5)
Z(1)
F(4)

F(6)

C(12)

C(I14)

C(22)

C(214)

c(111)
C(I13)

C(211)

C(213)

C(13)

C(121)

C(14)

C(I15)

C(15)

C(I16)

C(I14)

C(16)

C(17)

C(18)
C(I13)

C(19)

c(11o)
C(I17)

C(23)

C(221)

C(24)

C(215)

C(25)

C(216)

C(214)

C(26)

C(27)

c(28)

1.993(3)

2.039(3)

2.058(3)
2.150(3)

1.457(6)

1.461(6)
1.472 (7)

1.491(6)

1.543(6)
1.570(5)

1.345(5)

1.355(4)

i. 337 (5)

1.362 (4)

I. 334 (5)

1.355(4)

1.339(4)

1.362(4)

1.423(5)

1.481(5)

1.371(6)

1.528(6)

1.416(6)

1 517 (5)

1 402 5)

1 432 6)

1 332 6)

1 433 6)

1 408 5)

1 412 6)

1 388 6)

1 503 6)

1 417 5)

1 495 5)

1 387 6)

1 517 6)

1 412 6)

1 518 5)

1 405 5)

1 424 6)

1 336 6)

1 450 5)

C(28)

C(28)

C(29)

C(29)

C(II0)

C(110)

C(111)

C(I13

C(121

C(121

C(123

C(123

C(124

C(125

C(131

C(131

C(132

C(133

C(134

C(135

C(232

C(232

C(210)

C(210)

C(211)
C(213)

C(221)

C(221)

C(222)

C(223)

C(224)

C(225)

C(231)

C(233)

C(234)

C(235)

O(301)

O(301)

C(304)

C(304)

C(302)

81

Numbers in parentheses are

Atom 2 Distance

C (213)

C(29)

C(210)

C (217)

c(111)
c(118)
C(131)

C 114)

C 122 )

C 126)

C 124)

C 122 )

C 125)

C 126)

C 136)

C 132 )

C 133 )

C 1134)

C 1135)

C 1136)

C [231)

C 233)

C 211)

C 218)

C 231)

C 214)

C(226)

C(222)

C(223)

C(224)

C(225)

C(226)

C(236)

C 234)

C 235)

C 236)

C 302 )

C 305)

C 303)

c 305)
C 303)

1.396(5)

1.405(5)

1.390(5)

1.503(5)

1.415(6)

1.508(6)
1.503(5)

1.458(5)

1.378 (6)

1.411(6)

1.353(7)

1.393 (6)

1 365(8)

1 381 (7)

1 374 (7)

1 375 (7)

1 376(7)

1 339 (9)

1 409 (ii)

1 360 8)

I. 390 6)

I. 392 6)

1.410 5)

1.516 5)

1.490 5)

1.449 5)

1.381 6)

1.383 6)

1.383 7)

1.375 8)

1.364 8)

1.395(7)

1.382(5)

1.356(7)

1.370(7)

1.386(6)

1.225(12)

1.511(12)

1.375(18)

1.423(13)

I. 354 (14)
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Table 3.12. Bond angles (deg.) for [Cu(dptmp)2]PF_'THF.

estimated standard deviations in the least significant digits.

Atom 1 Atom 2 Atom 3 Angle Atom 1

N(21)

N(21)

N(II2)

N(21)

N (I12)

N(II)

F(2)

F(2)

F(3)

F(2)

F(3)

F(5)

F(2)

F(3)

F(5)

F(1)

F(2)

F(3)

F(5)
F(1)
F(4)

C(12)

C(12)

C(I14)

C(22)

C(22)

C 214)

C iii)

C iii)

C 113)

C 211)

C 211)

C 213)

N [II

N ii

C 13

C 14

C 14

C(12

C(13

C(13

C(15)
C(15)
C(122)

C(122)

C(126)

C(124)

C(123)

C(124)

Cu

Cu

Cu

Cu

Cu

Cu

P(1)

P(1)
P(1)

P(1)

P(1)
P(1)
P(1)
P(1)
P(1)

P(1)
P(1)
P(1)
P(1)
P(1)

P(1)
N(II)

N(II)

N(II)

N(21)

N(21)

N(21)

N(II2)

N(II2)

N (112)

N(212)

N(212)

N(212)

C(12)

C(12)

C(12)

C 13)

C 13)

C 13)

C 114)

C 14)

C 14)

C 114)

C 121)

C 121)

C 121)

C 123)

C 124 )

C 125)

N(II2)

N(II)

N(II)

N(212)

N (212)

N(212)

F(3)

F(5)

F(5)

F(1)
F(1)
F(1)
F(4)

F(4)

F(4)

F(4)

F(6)

F(6)

F(6)

F(6)

F(6)

C(I14)

Cu

Cu

C(214)

Cu

Cu

C(I13)

Cu

Cu

C(213)

Cu

Cu

C(13)

C(121)

C(121)

C(12)

C(I15)

c(115)
c(15)
C(I16)

C(I16)

C(I13)

C (126)

C(12)

C(12)

C(122)

C(125)

C(126)

128.85(12)

140.15 {12)

81.82(11)

81.23{II)

108.22 (Ii)

116.18 (II)

92.1(6)

91.9(7)

175.9(7)

91.5(5)

93.0(6)

87.8(5)

175.9(6)

84.1(5)

91.8(7)

90.4(5)

92.5(4)

96.2(5)

82.8(4)

169.8(5)

86.2(4)

118.0(3)

130.1(2)

111.5(2)

118.0(3)

127.4 (2)

114.3(2

118.6(3

128.5 (2

112.0 (2

118.3(3

131.9(2

109.7(2

122.0(4

115.4(3)

122.5(4)

119.5(4)

121.8(4)

118.6(4)

119.1(3)

121.6(4)

119.3(4)

119.6(3)

117.3(4)

121.1 (4)

121.6(4)

120.8 (5)

i18.9(5)

122.0(5)

C(I14)

C(I14)

C(14)
C(17)

C(16)

C(I13)

C(I13)

C 19)

C II0)

C II0)

C 18)

N 21)

N 21)

C 23)

C 24)

C 24)

C 22)

C(23)

C(23)

C(25)
C(214)

C(214)

C(24)

C(27)

C(26)

C(213)

C(213)

C(29)

C(210)

C(210)
C(28)

c(19)

C(19)

C(III)

N(II2)

N(II2)

C(110)

N(II2)

N(II2)

C(18)

N(II)

N(II)

C(28)

N(21)

N(21)

C(25)
C(226)

C(226)

C(222)

Numbers in parentheses are

Atom 2 Atom 3

C(15)
C(15}
C(15)
C(16)

C(17)

C(18)

C(18)
C(18)
C(19)
C(19)

C(19)

C(22)

C(22)

C(22)

C(23)

C(23)

C(23)

C(24)
C(24)

C(24)

C(25)
C(25)

C(25)

C(26)

C(27)

C(28)

C(28)

C(28)

C(29)

C(29)

C(29)

c(11o)
C(110)

c(11o)
C(lll)

C(III)

C(III)

C(I13)

C(I13)

C(i13)

C(114)
C(I14)

C(213)

C(214)

C(214)

C(214)

C(221)

C(221)

C(221)

C(14)

C(16)

C(16)

C(15)

C(18)
C(19)

c(17)
c(17)
C(18)
C (117}

C (117)

C(23)

C(221)

C(221)

C(22)

C (215)

C (215)

C(25)

C(216)

C (216)

C(24)

C(26)

C(26)

C(25)

C(28)

c 29)

C 27)

C 27)

C 28)

C 217)

C 217)

C IIi)

C 118)

C 118)

C ii0)

C 131)

C 131)

C 18)

C(I14)

C(114)

C(15)

C(I13)

C(214)

C(25)

C(213)

C(213)

C (222)

C(22)

C(22)

Angle

117.8 (4)

118.1(4)

124.1 (3)

122.2 (4)

122.3(4)

118.1(3)

117.3(4)

124.5 (4)

118.7 (4)

121.0(4)

120.3(4)

123.0(3)

116.6(3)

120.3(3)

118.9(4)

121.5(4)

119.6(4)

118.8(3)

120.8 (4)

120.4 (4)

118.5(3)

118.2(3)

123.4(3)

122.5(3)

121.6(4)

119.4 3)

117.3 3)

123.4 3)

118.0,3)

121.3 3)

120.7 3)

119.1 4)

121.6 4)

119.3 4)

122.6(4)

115.5(3)

121.9(4)

122.8 (3)

116.8(3)

120.4 (3)

123.5 (3)

116.9(3)

121.0(3)

122.8(3)

117.7(3)

119.5(3)

118.7(4)

122.6 (4)

118.6(4)



r

Table 3.12, continued

Atom 1

C 125)

C 1136)

C 1136)

C 1132)

c 1131)
C 1134)

C 133)

C 1136)

C(135)

C(231)

C 129)

C 129)

C 1211)

N 212)

N 212)

C 210)

N 212)

N 212)

Atom 2 Atom 3 Angle

C(126) C(121) 119.7 (5)

C(131) C(132) i19.0(4)

C(131) C (IIi) 120.0(4)

C(131) C(III) 121.1(4)

C (132) C(133) 120.5(5)

C (133) C(132) 120.2(6)

C (134) C(135) 120.4(6)

C(135) C(134) 118.6(7)

C (136) C(131) 121.2(6)

C (232) C (233) 120.3(4)

C(210) C(211) 119.3(3)

C (210) C(218) 121.0(3)

C(210) C(218) 119.6(3)

C(211) C (210) 122.5(3)

C(211) C(231) 116.2(3)

C(211) C(231) 121.3(3)

C(213) C(28) 122.2(3)

C(213) C(214) 116.8(3)

Atom 1

C(223)

C(224)

C (225)

C(224)
C (221)

C (236)
C(236)

C(232)

C(121)
C 234)

C 233)

C 234)

C 231)
C 302)

C 303)

0 301)
C 304 )

C(302)

83

Atom 2 Atom 3 Angle

C(222) C(221) 120.9(5)

C (223) C (222) 119.4 (5)

C(224) C(223) 120.8(5)

C(225) C(226) 119.6(5)

C(226) C(225) 120.5(5)

C(231} C (232) 118.6(4)

C(231) C (211) 121.7(3)

C(231) C(211) 119.7(3)

C (122) C (123) 121.3(4) .

C (233) C(232) 120.4(4)

C(234) C(235) 119.8(4)

C (235) C (236) 120.8(4)

C(236) C(235) 120.1(4)

0(301) C(305) 102.5(9)

C(304) C(305) 104.4(10)

C(302) C(303) 117.8(11)

C(305) O(301) 106.4(9)

C(303) C(304) 106.3(13)

Absorbance

Tables 3.13-3.15 contain all of the solid state absorbance data as well as dihedral

angle values for all ofthe compounds used in this study. The data has been roughly

divided into three categories. The first is the parent group. This group contains

compounds with ligands that contain only hydrogen atoms in the 2 and 9 positions of the

phenanthroline (or 6 and 6' ofbipyridine) ligand. There may be substitution at other

places on the ligand, but only the 2,9 positions are being considered. The second group

is referred to as the alkyl group. This group contains ligands with alkyl groups in the 2

and 9 positions of the phenanthroline (or 6 and 6' ofbipyridine) ligand. Again, this

group may have other substituents on the ligands, but only the positions directly adjacent

to the chelating nitrogens are being considered. The third and final group is the aryl

group. This group contains molecules with aryl functionalities in the positions adjacent

to the nitrogen atoms.



Table3.13. Absorbance and dihedral angle data for the parent group.

Compound

[Cu(phen)2]CIO4

[Cu(phen)2]BPh4

[Cu(tmp)z]PF6

[Cu(tmP)2]BPh4

[Cu(bipy)z]CIO4

[Cu(bipy)2]BPh,

CH2Ci 2 Alas (11111)

435

435

43O

430

Solid Abs (rim) Oz (deg) Oz Ref.

620 49.9 8

480, 550

575

450, 485 81.9 thisweft

460, 530 75.2 27

475, 550

84

Table 3.14.

Compound

Absorbance and dihedral angle data for the aryl group.

CH2Ci 2 Abs (run) Solid Abs (run)

[Cu(dpp)2]BF 4 441,560 475, 540

[Cu(dpp)2]PF_ 441,560 475, 540

441,560 450, 550[Cu(dpp)2]TFPB

[Cu(dpdmp)2]PF6

[Cu(dptmp)2]PF6

[Cu(dptmp)2]TFPB

440,550

467

467

a Data extrapolated from the value for [Cu(d

Oz (deg) Oz Ref.

(71.8)" 20

79.8 21

425,530

490 87.8 e_wo, k

480

3p)_CuCI2
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Table 3.15.

Compound

[Cu(dmp)z]Br

[Cu(dmp)zI-NO3

[Cu(dmp)z]CIO,

[Cu(dmp)z]TFPB

[Cu(bcp)z]BF4

[Cu(bcP)2]BPh4

[Cu(dbp)2]PF6

CH2CI 2 Abs (nm)

Absorbance and dihedral angle data for the alkyl group.

Solid Abs (nm) ez (deg)

455

455

455

455

479

479

457

475, 550

475, 550

460, 545

460

79.9

480 88.1

480, 560

470

470

(87.4) b

Oz Ref.

3

6

5

20

9

[Cu(dbdmp)2]PF6 456

[Cu(dbtmp)z]PF 6 453 460

449 425, 550 66.3 4[Cu(dnpp)2]PF6

[Cu(dipp)z]Cl 445 460

445 460[Cu(dipp)2]PF6

[Cu(dipp)2]TFPB 445 465 88.9

[Cu(dcyp)2]PF 6 457 470

455 460

470,515

450,550

485

440,540

440,540

455

[Cu(dsbp)2]Cl

[Cu(dsbp)2]PF6

[Cu(dmbp)2]BF4

[Cu(dmbP)2]BPh4

[Cu(tmbp)2]BF4

80.8

this work

28

Data extrapolated from [Cu(di-n-pentyl-phen)2]CuCl2

[Cu(tmbP)2]ClO4

a This nitrate salt was a dihydrate

b

75.0 29
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An overlay of the solid state absorbance spectra for [Cu(phen)z]CIO4,

[Cu(phen)2]BPh4, [Cu(tmp)_]PF_, and [Cu(tmp)z]BPh4 is shown in Figure 3.9. Based on

the aforementioned spectra and the two known Oz values for phen]CIO4 and tmp]BPh 4,

it seems reasonable to estimate a O z of~80 ° for phen]BPh4 and a Oz of "60° for

tmp]PF_. This suggests that large anions tend to open up the crystal lattice and allow the

copper complex to "open up" and approach a Oz of 90 °. The dihedral angle can also be

estimated by examining the color of the salt. For instance, phen]CIO4 and tmp]PF6 are

both purple, while phen]BPh 4 and tmp]BPh4 are red-orange in color.

400 450 500 550 600 650 700

Wavelength (nm)

Figure 3.9. Solid state absorbance spectra for selected compounds of the parent group.

A = [Cu(tmp)2]BPh4, B = [Cu(tmp)2]PF6, C = [Cu(phen)2]BPh4, D = [Cu(phen)2]CIO4.
NB V-51.

For the aryl group, simple examination of the color of the salt is not sufficient.

All of the aryl group compounds are a wine-red colored solid. The difference in these

compounds can only be observed in their spectra. All of the dpp and dpdmp salts have

similar absorption spectra, indicating similar structures in the solid state, see Figure 3.10.

The stand outs are the salts of dptmp. These compounds exhibit only one peal like the
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compounds in the parent and alkyi groups. This phenomena has been discussed

previously, n Interestingly, for the aryl group, the anion seems to have only a limited

effect on the absorption spectrum. This could be indicating that the structure of the

molecule is determined by the ligands and not the lattice forces.

1.4

1.2

8

0.6
0

0.4

Figure 3.10.

0.2

0

4OO

A . dpplrFVB
• dpdmplPF6

-- dptmplPF6

x dpp]BF4

C

D

450 500 550 600 650 700

Wavelength (nm)

Solid state absorbanee spectra for selected compounds of the aryl group.

A = [Cu(dpp)2]TFPB, B = [Cu(dpdmp)dPF6, C = [Cu(dptmp)2]PF6, D = [Cu(dpp)2]BF4.
NB V-52

For the alkyl group, there are three apparent trends. The first is that ligands with

small substituents in positions 2 and 9 are anion dependent, especially dmp. The

absorption maxima for dmp complexes vary, as does Oz, with dmp]TFPB having the

highest energy absorbanee maximum.

The second trend is that bulky substituents in the 2,9 positions override any

influence the anion has. For example, for dipp, the absorbance maxima does not change

as the anion goes from cr to PF6 to TFPB. Considering the vast size difference

between CI"and TFPB, that is quite a feat to be that consistent. Based on earlier

evidence, the iso-propyl groups must be keeping the phenanthroline ligands from

flattening and therefore keeping a similar Oz throughout the series of dipp compounds.
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The third trend is based on the fact that as Oz maximizes, so does the absorbance

energy. For instance, the compounds dmp]TFPB, bcp]BF,, dbp]PF6, and dipp]TFPB all

have absorbance maxima around 460 rim, except bcp]BF 4 which is red-shifted due to the

4,7-diphenyi substitution it has. Most ofthese compounds have a reported Oz, or at

least one that can be estimated easily, that is 85 ° or greater. These compounds do not

exhibit the pronounced shoulders in their absorbance spectra that are indicative of a

flattening distortion, consistent with the idea of a large Oz. On the other hand, for

compounds like dmp]Br and dnpp]PF6, their spectra show low energy shoulders and

their measured ®z'S are quite low compared to the first group. Figure 3.11 contains a

sampling of the absorption spectra discussed above.

o

o
o

e_
lm
o
r_q

<

Figure 3.11.

2

1.5

0.5

0

4OO

A

D

C

x dipp]TFPB

dmp]TFPB

• dnpp]PF6

o dmp]Br

450 500 550 600 650 700

Wavelength (rim)

Solid state absorbance spectra for select compounds of the alkyl group. A

= [Cu(dipp)2]TFPB , B = [Cu(dmp)2]TFPB, C = [Cu(dnpp)2]PF6, D = [Cu(dmp)2]Br.

NB V-52, 53, 54

Luminescence

One of the most interesting aspects of this project is the solid state luminescence

measurements that were made. The data taken on the parent group, shown in Table

3.16, shows that for the first time, a non-2,9-substituted phenanthroline complex emits!



Therehavebeenmany reports over the years that [Cu(phen)ff does not emit in any

state) but by using a large anion to increase lattice spacing, and consequently the

dihedral angle, [Cu(phen)_]BPh_ and [Cu(tmp)z]BPh_ can be made to emit. Further,

even [Cu(bipy)ff salts give a measurable emission signal at room temperature. The

signal is weaker than the phen and tmp complexes, but it is nonetheless measurable.

Figure 3.12 contains the uncorrected emission spectra for the parent group complexes

that show room temperature emission. These signals were checked against, and found

to be different than flee ligand, flee anion, and the empty sample holder.

89

Table 3.16. Luminescence and dihedral angle data for the

Compound CH2CI 2

Em (rim)

[Cu(bipy)2]ClO,

CH2CI 2

(ns)

Solid

Em (rim)

_arent group.

Solid

(ns)

[Cu(phen)2]CIO 4 ............

[Cu(phen)2]BPh 4 ..... 695 20

[Cu(tmp)2]PF_ ............

[Cu(tmp)2]BPh 4 ...... 700 15

...... 660

[Cu(bipy)2]BPh4 660

<10

-10

Oz Oz

(deg) Ref.

49.9 8

81.9 _i_ work

75.2 27

Luminescence data for the aryl group is shown in Table 3.17. Analysis of this

data shows that the emission energy of the dptmp complexes is sharply shifted to higher

energy relative to the dpp and dpdmp complexes. This shift to higher energy is also

followed by dramatic increases in the excited state lifetimes of the dptmp complexes.

With lifetimes of 1.5 las and 4.7 tts in the solid at room temperature, the [Cu(dptmp)2] ÷

cation has become the longest lived copper phenanthroline in both the solid and solution

states. This increase in emission energy and lifetime are most likely consequences of the

increased dihedral angle, based on the data reported for dpp]PF_ and that extrapolated
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for dpp]BF+. A comparison of the uncorrected emission spectra for dpp]PF6,

dpdmp]PF6, and dptmp]PF6 is shown in Figure 3.13.

J

E
ud

• phen]BPh4

. Imp]BPh4

--_pyl_h4

• biFy]ClO4

sso 6oo 650 7oo 750 soo sso 9o0

Wavelength (nm)

Figure 3.12. Room temperature solid state emission spectra from the parent group. A =

[Cu(phen)2]BPh +, B = [Cu(tmp)2]BVh+, C = [Cu(bipy)2]BPh4, D = [Cu(bipy)2]CIO4.

NB V-70, 71

Table 3.17. Luminescence and dihedral angle data for the aryl group.

Compound CH2C12

Em (rim)

[Cu(dpp)2]TFPB

CH2C12

(ns)

Solid Em

(rim)

Solid x

(ns)

O Z

(deg)

O Z

Re£

[Cu(dpp)2]BF + 675 b 310 b 695 280 (71.8)* 21

[Cu(dpp)2]PFs 685 _ 27& 670 780 79.8 22

680 d 280 d 700 310

685 _[Cu(dpdmp)2]PF6 310 _

480 _

495 d

[Cu(dptmp)2]PF6

690

655

625[Cu(dptmp)2]TFPB

670'

325

1570

4710671 d

87.8

a Data extrapolated from the value for [Cu(dpp)2]CuCl 2

b Data taken from ref. rl9

c Data taken from ref. rl l

d Data taken from ref. r23

this work
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I A_ --dp_p]PF6

550 600 650 700 750 800 850 900

Wavelongth (nm)

Figure 3.13. Room temperature solid state emission spectra for selected compounds of

the aryl group. A = [Cu(dptmp)2]PF 6, B = [Cu(dpp)z]PF6, C = [Cu(dpdmp)2]PF6.

NB V-68, 69

For the alkyl group, the data is much more difficult to categorize, see Table 3.18.

The main reason is the lack of dihedral angle data for a majority of the compounds

presented in the table; however, two general trends can be theorized. The first is that

with an increasing Oz, the emission maxima shiits to higher energy. The dnpp complex

is an exception to the rule. Figure 3.14 shows an overlay of some emission spectra that

illustrate this idea. The second is that with an increasing Oz, the excited state lifetime

also increases.

These two trends are not surprising, ifOz is examined more closely. Oz refers to

the angle between the two phenanthroline ligands, which also refers to the symmetry of

the cation. The closer the symmetry of the cation is to D_ (or tetrahedral coordination

geometry), the larger Oz. A more tetrahedral structure tends to offer a more stable

ground state and a more destabilized excited state. This in turn causes a larger energy

difference between the ground and excited states and therefore a higher energy emission.

A consequence of the large energy difference between the ground and excited states is

an excited state that takes longer to decay, or span the gap to return to the ground state.
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o
o_

o_

A

B

C

D

dipp]TFl'B

x dbp]PF6

° dn_]Br

-- dnpp]PF6

W

550 600 650 700 750 800 850 900

Wavelength (nm)

Figure 3.14. Room temperature solid state emission spectra for selected compounds of

the alkyl group. A = [Cu(dipp)2]TFPB, B = [Cu(dbp)2]PF 6, C = [Cu(dmp)2]Br, D =

[Cu(dnpp)2]PF6. NB V-66, 67



Table 3.18. Luminescence and dihedral angle data for the alkyl group.

Compound CH2C12

Em (nm)

CH2C12

x(ns)

Solid Em

(rim)

Solid

(ns)

[Cu(dmp)z]Br 690 250

[Cu(dmp),]NO3 680 300

[Cu(dmp)2]CIO 4 670 235

[Cu(dmp)z]TFPB 650 690

[Cu(bep)2]BF 4 685 80 690 135

[Cu(dbp)2]PF6 670" 150" 625 1240

[Cu(dbdmp)2]PF 6 670 e 145 e 630 740

[Cu(dbtmp)2]PF 6 635 _ 330 _ 635 1710

o,

(deg)

79.9

[Cu(dnpp)2]PF 6 665 c 260 c 670 595 66.3

[Cu(dipp)2]Cl 625 1420

630 1290[Cu(dipP)2]PF6

[Cu(dipp)2]TFPB 650 f 365 f 625 1330

[Cu(dcyp)2]PF6 649 f 360 f 630 765

[Cu(dsbp)2]Cl 625 1020

[Cu(dsbp)2]PF6 650 ° 400 _ 625 1240

[Cu(dmbP)2]BF4 685

[Cu(dmbp)2]BPh, 670

[Cu(tmbp)2]BF 4 725 d

[Cu(tmbp)2]CIO,

a This nitrate salt was a dihydrate

Ref.

3

6

5

88.1 20

(87.4) b 9

4

88.9 t_ work

80.8 28

18 d 695 65

695 230 75.0

b Data extrapolated from [Cu(di-n-pentyl-phen)2]CuCl 2

e Data taken from ref. 31

d Data taken from ref. 14

e Data taken from ref. 11

f Data taken from ref. 30

29

93
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Controlling the Dihedral Angle

Table 3.19 lists dihedral angles based on reported crystal structures in the

literature. This table contains both spectraUy characterized and spectrally

uncharacterized compounds (those not examined in this report). Examination of this

data reveals two controlling factors as to the dihedral angle: iigand-ligand repulsions and

anions. Thus, for the same cation, a different anion can induce a drastic change in the

dihedral angle. The most obvious reason is packing forces overcome ligand-ligand

repulsions and force the copper complex into a flattened geometry.' Or, the anion can

be large and bulky and reduce the packing forces and allow the geometry to open up.

By the same token, a complex with little to no steric bulk in the 2 and 9 positions of the

ligand is One that can flatten. I On the other hand, a complex with bulky groups in the 2

and 9 positions is one that is rigid and keeps a tetrahedral-like coordination geometry

around the copper center.

What the data above signifies is that the dihedral angle can be

systematically varied to give a copper complex with a specific angle. For example,

[Cu(phen)2] + cations all show smallish dihedral angles, s' 23 It is presumed that this is due

to the lack of steric blocks in positions 2 and 9 to keep a more rigid structure, s

However, by switching to a larger anion such as BPh4", crystals of [Cu(tmp)z] + were able

to be grown which show a much larger dihedral angle. The result of this finding is the

room temperature solid state emission from [Cu(tmp)2]BPh_ and [Cu(,phen)2]BPh4,

which is assumed to have a much similar dihedral angle even though no crystal data

exists.
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Table 3.19. Dihedral angle data for copper bis-phenanthroline complexes.

Compound Oz ° Ref.

[Cu(phen)z]CuBr2 77.8 8

[Cu(phen)_]2[Cu(OAc)z] 68.5 23

[OAc]'HOAc b

C

[Cu(tmp) lBeh, 81.9

[Cu(dmp)_NO_ 72.4

[Cu(dmp)2]CIO 4 81.8 5

[Cu(dmbp)2]BF 4 80.8 28

[Cu(bcp)2]BF,'CHaOH 88.1 20

[Cu(n-pentyiphen)2]CuCi 2 87.4 9

g

[Cu(dipp)2]TFPB 88.9

[Cu(bfP)2]PF6 c 87 24

[Cu(daP)2]BF (" -71 26

[Cu(dpp)z]PF6 79.8 22

a in degrees
b OAc = acetate

c this work

Compound

[Cu(phen)2]CIO4

[Cu(bipy),]CIO4

[Cu(dmp)z]Br'H20

6 [Cu(dmp)2]NO3"3H20

Oz"

49.9

75.2

Ref.

8

27

d the previously reported value of 75 ° is erroneous

e bfp = 2,9-bis(trifluromethyl)- 1,10-phenanthroline

f ocp = 2,3,4,5,6,7,8,9-oetachloro- 1,10-phenanthroline

g dap = 2,9-bis(p-anisolyl)- 1,10-phenanthroline

79.9 3

85.4 3

[Cu(dmp)2]2[TCNQ] 2 88.8 7

[Cu(tmbp)2]CIO4 75.0 29

[Cu(tmbp)2]Cl'2H20 79.0 3

[Cu(dnpp)2]PF 6 66.3 4 d

g

[Cu(dptmp)2]PF6"THF 87.8

[Cu(oep)2]BF4,CH2CI2 d 89.4 25

[Cu(dpp)2] CuCI2"_'aCH3CN 71.8 21
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Theotherfacetof thecrystaldatafromaboveis thatthedihedralanglecanbe

controlledby modifyingthe steric size of the 2,9 substituents. For instance, iso-propyl,

CI,zs CF3,19 and n-pentyl 9 groups are all rather large and all of their structures show very

nearly 90 ° dihedral angles, even though their anions range from BF4" to PF_" to CuCIf to

TFPB'. What this steric control offers is the ability to create a very nearly D_ copper

phenanthroline cation, which has a very long lifetime in the solid state. One exception is

the substituent neo-pentyl. 4 When this molecule crystallized, it distorted the neo-pentyl

groups in a way as to flatten its structure. The fact that the ten-butyl part was out away

from the phenanthroline core one methylene unit was probably the reason for the unusual

packing which lead to the small dihedral angle. 4 This molecule also showed very long

Cu-N bonds which indicate excessive strain in the cation. This molecule does not lessen

ones ability to induce a change in the dihedral angle by altering the sterics.

The dihedral angle can also be forced to increase by placing steric locks on

remote positions of the phenanthroline as well. 2° In the case of [Cu(dptmp)2] ÷, the 3 and

8 methyls act as locks on the 2,9 phenyls, keeping them in a very twisted orientation,

with respect to the phenanthroline core. This lack of mobility of the phenyl groups does

not allow for the flattening distortion seen in other 2,9-bis(aryl)-phenanthroline

complexes.2L _ 26 The dptmp crystal structure does, however, still show the rocking

distortion so common to 2,9-bis(aryl)-phenanthroline complexes. 21' _ 26 This rocking

distortion is no doubt caused by the intramolecular _t-stacking that occurs after the

distortion.2_, 22

Electronic Structure

The dihedral angle obviously effects the electronic structure of the copper

complex, see Tables 3.13 through 3.18. Based on the changes seen in the absorption

spectra, the energy of the orbitals involved in the MLCT absorbance are obviously being

altered. Kaizu et aP have performed DV-Xc_ computations on the model complex

[Cu(ethane-diimine)2] + in order to better understand the changes.

w
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Figure 3.15 shows the highest occupied and lowest unoccupied molecular

orbitals, as calculated in ref 1, and how they change with the dihedral angle. Analysis of

the calculated orbitals for percent composition revealed that all of the highest occupied

orbitals shown were predominately Cu 3d in character and all of the lowest unoccupied

orbitals shown were predominately N 2p and C 2p in character. From these calculations,

it is obvious that the lowest allowed transition is MLCT in nature and that the energy

decreases in the order: 90 ° > 60 ° > 40 °. The solid state absorption-dihedral angle

correlation presented above is supported by the orbital energy data? As the dihedral

angle is maximizing_ so is _.

The emission data correlate with the calculated energy level data. For

example, in the aryl group, the dptmp complex has a larger Oz, higher energy emission,

longer lifetime, and based on the Oz a larger _ than dpp]PF6, see Table 3.17.

Similarly, Table 3.18 shows that in the alkyl group, Oz, emission energy, and lifetime all

increase in the order:

dmp]Br - dmp]CIO4 < dbp]PF6 - dipp]TFPB

Based on the reported dihedral angles for these molecules, the calculated _ also

increases the that order. And most importantly, in the parent group, the large dihedral

angles oftmp]BPh4 and, presumably, phen]BPh4, lead to emissive compounds with

measurable lifetimes. These molecules would be calculated to have larger _ values

than their non-emissive counterparts tmp]PF6 and phen]CIO4.

The one limit to this data is that it does not predict boundaries. For example, the

one exception to many of the trends is dnpp]PF6. This molecule has an extremely small

Oz (66.3°) 4 yet it has a moderate energy emission maximum and a considerable lifetime,

while tmp]BPh4 has a large Oz (81.9 °) a low energy emission and a very short lifetime.

The electronic differences in the ligands may be responsible for the photophysical

differences, u however it does not explain why the dnpp]PF6 complex does not fit the

trends of other alkyl group molecules. Regardless, the data presented here along with

that ofKaizu et al_ gives a pretty clear picture of the flattening distortion and its effects

on the photochemistry of copper phenanthrolinesY
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Figure 3.19. Energies of the highest occupied and lowest unoccupied molecular orbitals

of [Cu(ethane-diimine)2] ÷, as predicted by DV-Xot calculations in ref I.
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Conclusion

The correlation between the computational, structural and photophysical data

presented above indicates that the solid state is a good media in which to study the

flattening distortion that copper phenanthrolines undergo in solution. |° In the solid state,

the molecules are predisposed to a specific amount of flattening, which can be changed

by altering the anion or the steric bulk of the 2,9 positions. The amount of flattening will

then dictate the photochemistry the copper complex is able to perform. It is a very good

example of the impact the flattening distortion, proposed by McMillin et al, has on the

photochemistry of copper phenanthrolines._°
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Appendix A: Crystal Data for [Cu(dptmp],]PFs'THF

Table A. 1. Anisotropic temperature factor coefficients - U's' for [Cu(dptmp)2]PF6"THF.

Name

Cu

P(1)

F(I)

F(2)

F(3)

F(4)

F(5)

F(6)

O(301)

N(11)

N(21}

N(II2)

N[212)

C(12

C(13

C(14

C(15

C(16

C[17

C(18

C(19

C{22

C[23

C(24

C{25

C(26

C(27

C(28

C(29

C(ll0)

C(III)

C{I13)

C(I14)

C(i15)

C(i16)

C(I17)

C(I18)

C(121)

C(122)

C(123)

C(124)

C(125)

C(126)

C(131)

C(132)

C(133)

C(134

C{135

C 136

C 210

C 211

C 213

C 214

C 215

C 216

C 217

C 218

C(221

C(222)

C(223)

U{l,l)

0.0415(3)

O. 0894 (ii)

0.191(6)

0.193(7)

0.187(6)

0.258(8)

0.468(16)

0.218(6)

0.144(6)

0.0424 (15)

0.0376(15)

0.0419{15)

0.0353(14)

0.047(2)

0.055(2)

0.050(2)

0.0403(18)

0.047(2)

0.051(2)

0.048(2}

0.061 [2)

0.0384(18)

0.038(2)

0.0378(19)

0.0385(18}

0.050(2)

0.051 (2}

0.0455(19)

0.052(2)

0.075(3)

0.057(2)

0.0405(17)

0. 0363 ( 17

0.096(4)

0.070(3)

0.088(4)

0.112(5)

0.057(2)

0.069(3)

0.084 (4)

0.093(4)

0.090(4)

0.081(3)

0.059(2)

0.096(4)

0.108(5)

0.084(4)

0.088(5)

0.078(4)

0. 0387 (17

0.0402(17

0.0349(16

0.0376(17

0.039(2)

0.043(2}

0.067(3)

0.048(2)

0. 0321 ( 17

0.064(3)

0.083(4)

U{2,2)

0.0599(3)

0.0920(10)

0.125(4)

0.399(12)

0.595(17)

0.291(8)

0.213(7)

0.115(3)

0.243(9)

0.0528(16)

0.0618(17)

0.0535(16)

0.0544(16)

0.063(2)

0.077(3)

0.086(3)

0.071(2)

0.079(3)

0.063(2)

0.060(2)

0.056(2)

0.079(3)

0.i06(3)

0.090(3)

0.072(2)

0.094(3)

0.083(3)

0.056(2)

0.0508(19)

0.067(3)

0.063(2)

0.0537{19

0.059(2)

0.103(4)

0.131(5)

0.068(3)

0.084(4

0.061 2

0.062 2

0.076 3

0.081 3

0.O91 4

0.087 3

0.083 3

0.076 3

0.ii0 4

0.209 8

0.305 12)

0.210 8)

0.058 2)

0.0531(19

0.0511(18

0.060(2)

0.171(6)

0.138(5)

0.073(3)

0.087(3)

0.081(3)

0.095(3)

0.114(4)

U(3,3) U(I,2) U(I,3) U(2,3)

........................

0.0473(3) 0.00107(19)-0.00415(17)-0.00195(19)

0.1125(12) -0.0125(8)

0.466(13)

0.340(11)

0.166(5)

0.147(5)

0.397(14)

0.224(6)

0.224(8)

0.0449(15)

0.0447(15)

0.0428(14)

0.0460(15)

0.054(2)

0.059(2)

0.051(2)

0.0470(18

0.055(2)

0.072(3)

0.060(2)

0.081(3)

0.051(2)

0.060(2)

0.059(2)

0.054(2)

0.052(2)

0.053(2)

0.0446(17

0.0491(18

0.074(3)

0.054(2)

0.0460(18

0.0441(17

0.098 4}

0.068 3)

0.133 5)

0.114 5)

0.061 2)

0.075 3)

0.093 4)

0.108 4)

0.115 5)

0.071 3)

0.061 2)

0.064 3)

0.070 3)

0.085 4)

0.O86 5)

0.065 3)

0.O534(19)

0.0490(18)

0.0465(17)

0.0458{18)

0.097(4)

0.072(3)

0.059(2)

0.070(3)

0.059(2)

0.059(2)

0.065(3)

0.000 4)

0.107 8)

-0.036 8)

0.119 6}

-0.043 9)

0.0O8 4)

-0.024 6)

0.0079(12

0.0036(12

0.0054(12

0.0037(12

0.0122(16

0.018(2}

0.021(2)

0.0101(16

0.0030(19

-0.0045(18

0.0042(16

-0.0009(19

0.0046(17

0.007(2)

0.0028(19}

-0.0017(16}

-0.003(2)

0.001(2)

0.0028(15)

0.0069(15)

0.006(2)

0.0077(18)

0.0039(14)

0.0054(14)

0.026(3)

0.021(3)

-0.014(3)

-0.004(3)

0.0080(18)

0.003(2)

-0.011(3)

-0.022(3}

-0.013(3)

0.001(3)

0.009(2)

0.019(3)

0.009(4)

0.008(5)

0.068(6)

0.053(4)

0.0082(15)

0.0054(14)

0.0025(13)

0.0008(15)

0.012(3]

0.005(3)

0.010(2)

0.016(2)

0.0072(17)

0.004(2)

-0.009(3)

0.0008(9)

0.087(7)

-0.160(8)

0.057(5)

-0.046(5)

0.323(14)

-0.016(5)

-0.016(5)

0.0012(12}

0.0001(Ii)

-0 0011(Ii)

0 0014(11)

0 0056(16)

0 0045(18)

-0 0011(16)

-0 0014(14)

-0 0103(17)

-0 0031(19)

0.0054(16)

0.011(2)

0.0011{15)

0.0012(17)

-0.0047(16)

-0.0020{15)

-0.0075(17)

0.0007(17)

0.0031(14)

0.0083{15)

0.011(2)

0.0069(17)

0.0015(14)

-0.0022(13)

-0.006(3)

-0.020(2)

0.008(3}

0.000(4}

0.0111(18)

0.017(2)

0.021(3)

0.017{3)

O.031(3)

0.016(2)

0.0018(19)

-0.007{2)

-0.016(3}

-0.025[3}

0.000(4l

0.001(3}

0.0079(14)

0.0039(14)

-0.0012(13)

-0.0010(14)

0.004(2)

-0.013(2)

0.014(2)

0.0110(19)

0.0025(15)

0.007(2)

0.009(2)

0.0246(9)

-0.053(6)

-0.028(10)

0.154(8)

0.022(5)

0.016(8}

0.002(4}

0.074(7)

0.0010(12)

0.0024(13)

0.0033(12)

0.0054(12)

0.0097(17)

0.018(2}

0.0095(19

-0.0012(17

-0.011(2)

-0.014(2)

-0.0042(17

0.003(2)

0.0017(18

-0.001(2)

0.000(2)

0.0027(17

-0.012(2)

-0.0133(19

0.0002(15

0.0051(15

0.022(2)

0.0096(18

-0.0038(15

0.0OO0(15

0.046(3)

0.021(3)

0.011(3)

0.043(3}

0.0158(18)

0.006(2)

-0.006(3)

0.005(3)

0.033(3)

0.020(2)

0.026(2)

0.015(2)

0.019(3)

0.045(5)

0.037(6)

0.018(4)

0.0072{16)

0.0108{15)

0.0045(14)

0.0022(15)

-0.027(4)

-0.004(3)

-0.009(2)

0.000[2}

-0.0025(19)

0.002(2)

0.011(3)
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Table _ 1, continued

Name U{1,1) U(2,2) U(3,3) U(1,2) U(1,3) U(2,3)

C(224) 0.061(3) 0.133(5) 0.064(3) 0.001(3) 0.009(2) -0.017(3)

C(225) 0.067(3) 0.109(4) 0.098(4) 0.026(3) 0.012(3) -0.021(3)
C(226) 0.070(3) 0.098{4) 0.073(3) 0.022(3) 0.005(2} 0.001(3)

C(231) 0.0382(18) 0.058(2) 0.055(2) 0.0063(15) 0.0078(15) 0.0035(16)
C(232) 0.058(2) 0.070(3) 0.072{3} -0.003(2) 0.001{2) 0.006[2)

C(233) 0.059(3} 0.074(3) 0.093(3) -0.015(2) 0.006[2) 0.002(2)

C(2343 0.046(2} 0.092(3) 0.080(3) -0.004(2) 0.002(2) -0.017(3)
C(235} 0.051(2} 0.113(4) 0.060(2) 0.016(2) -0.0049(19) -0.002(2)

C(236) 0.048(2) 0.077(3) 0.059(2) 0.0094(18) 0.0018(17) 0.0100(19)

C(302} 0.131(10) 0.141(9) 0.63(4) 0.003(7) -0.036(14) 0.167(15)
C(303) 0.131(10) 0.164(11) 0.74(4) -0.021(9) -0.068(17) 0.179(18)
C(304) 0.103(7) 0.143(9) 0.49(3) 0.017(7) 0.031(11) 0.111(12}

C(305) 0.157(10) 0.191(11) 0.216(11} 0.053(9) 0.033(8) 0.050(9)

a The form of the anisotropic temperature factor is:

exp[-2n (h2a'2U(l,l) + k2b'2U(2,2) + 12c'ZU{3,3) + 2hka'b'U(l,2) + 2hla'c'U(l,3) +

2klb'c'U(2,3) )] where a', b', and c" are reciprocal lattice constants.
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Table A.2. Torsion angles in degrees for [Cu(dptmp)2]PF6"THF

Atom i Atom 2 3 Atom 4

N(21)

N(21)

N[II2)

N[II2)

N{212)

N{212)

N{II)

N(II)

N{II2)

N(II2)

N{212)

N{212)

N{II)

N(II)

N[21)

N[21)

N(212)

N(212)

N(II)

N(II)

N(21)

N(21)

N(II2)

N(II2)

C(305)

C(302)

Cu

Cu

C(i14)

C(I14)

Cu

Cu

C(12)

C(12)

Cu

Cu

C(214)

C(214)

Cu

Cu

C(22)

C(22)

Cu

Cu

C(I13)

C(i13)

Cu

Cu

C(III)

C(III)

Cu

Cu

C(213)

C(213}

Cu

Cu

C(211

C{211

N(II)

N{II)

C{121

C{121

NIl1)

N{II)

Cu

Cu

Cu

Cu

Cu

Cu

Cu

Cu

Cu

Cu

Cu

Cu

Cu

Cu

Cu

Cu

Cu

Cu

Cu

Cu

Cu

Cu

Cu

Cu

O[301)

O(301)

N(II

N(II

N(II

N(II

N(II

N(II

N(II

N(II

N(21

N(21

N(21

N(21

N(21

N(ZI

N(21)

N(21)

N i12)

N i12)

N i12)

N i12)

N 112)

N 112)

N 112

N 112

N 212

N 212

N 212

N 212

N 212

N 212

N 212

N 212

C{12)

C{12)

C112)

C{12)

C[12)

C(12)

At om

=no

N[II

N(II

N(II

N{II

N{II

N(II

N{21

N{21

N[21

N{21

N(21

N(21

N(II2)

N(II2)

N(II2)

N[II2)

N(II2)

N(II2)

N(212)

N(212)

N(212)

N(212)

N(212)

N(212)

C(302)

C(305)

C(12)

C(12)

C(12)

C(12}

C(I14)

C(i14)

C(I14)

C(I14)

C(22)

C(22)

C(22)

C(22)

C(214)

C(214)

C(214)

C(214)

C(III)

C(III)

C(III)

C{lll)

C(i13)

C{I13)

C(I13)

C(I13)

C[211)

C(211

C(211

C(211

C(213

C(213

C(213

C(213

C(13)

C(13)

C(13)

C(13)

C(121)

C(121)

C{12)

C(I14)

C{12)

C(I14)

CC12)

C(I14)

C[22)

C(214)

C[22)

C[214)

C(22)

C[214)

C(III)

C(I13)

C(III)

C(I13)

C(III)

C(I13)

C(211)

C(213)

C(211)

C(213)

C(211)

C(213)

C(303)

C(304)

C(13)

C(121)

C(13}

C(121}

C(15}

C(I13)

C(15)

C(I13)

C{23)

C(221)

C(23)

C(221)

C{25)

C{213)

C{25)

C{213)

C{IIO)

C{131)

C{IIO)

C{131)

C[18)

C[i14)

C[18)

C(i14)

C[210)

C(231)

C[210)

C(231)

C(28)

C(214)

C(28)

C(214)

C(14)

C(I15)

C(14)

C(I15)

C(122)

C(126)

Angle

mmm==

-35.62

152.63

179.61

7.86

73.26

-98.49

-62.66

123.35

70.18

-103.81

176.56

2.57

-177.66

-8.93

30.68

-160.59

-62.70

106.03

38 61

-142 17

-179 24

-0 02

-51 13

128 09

-8 90

-i 82

-168 40

9 77

2 9O

-178 93

173 36

-5 63

0 5O

-178 49

-172 47

ii 51

1 33

-174 70

173.94

-4.76

-0.65

-179.35

165.16

-15.61

-2.93

176.31

-169.85

8.59

0.12

178.57

-176.55

5.14

4.28

-174.02

179.97

-2.43

-0.69

176.92

-4.23

172.75

177.74

-5.28

-52.30

125.78

0.39)

0.23)

0.33)

0.23}

0.33)

0.24)

0.36)

0.26)

0.34)

0.26)

0.32)

0.25)

0.32)

0.23)

0.36)

0.22)

0.32)

0.23)

0.35)

O.2O)

0.33)

0.28)

0.34)

0.20)

2.21)

1.60)

0.29)

0.50)

0.55)

0.33)

0.29)

0.39)

O.53)

0.33)

0.34)

0.50)

0.58)

0.34)

0.31}

0.42)

0.55)

0.32)

0.32)

0.49)

0.57)

0.33)

0.30)

0.39)

0.52)

0.33)

0.27)

0.51)

0.52)

0.30)

0.32)

0.34)

0.47)

0.32)

0.62)

0.41)

0.39)

0.63)

O.54)

0.45)
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Table A.2, continued

Atom 1

C{13)

C{13)

C(12)

C(12)

C{i15}

C[I15)

C[13)

C(13)

C(I16)

C[I16)

C(14}

C(I14)

C(14)

C(14}

C(16)

C(16)

C(15)

C(16)

C(16)

C(17)

C(17)

C(I13)

C(I13)

C(17}

C(17)

C(19)

C(19)

C(18)

C(18)

C(I17)

C(I17)

N(21)

N(21)

C(221)

C(221)

N(21)

N(21)

C(23)

C(23)

C(22)

C(22)

C[215)

C(215)

C(23)

C(23)

C(216)

C(216)

C{24)

C[214)

C(24)

C(24)

C{26)

C(26)

C(25)

C(26)

C[26)

C|27)

C[27)

C(213)

C(213)

C[27)

C(27)

C{29)

C(29)

Atom 2

C(12)

C(12)

C(13)

C(13)

C(13)

C(13)

C{14)

C{14)

C[14)

C{14)

C(15]

C(15)

C(15)

C(15)

C(15}

C(15}

C(16)

C(17)

C(17

C(18

C(18

C(IB

C(18

C(18

C(18

C(18

C(18

C(19

C(19

C{19

C(19

C(22

C(22

C{22

C{22

C(22

C(22

C{22

C[22

C(23

C(23)

C(23)

C(23)

C(24)

C(24)

C(24)

C(24)

C(25)

C(25)

C(25)

C(25)

C(25)

C(25)

C(26)

C(27

C(27

C(28

C(28

C(28

C(28

C(28

C(28

C(28

C(28

Atom 3

C(121}

C(121)

C(14)

C(14)

C(14)

C(14)

C(15)

C(15)

C(15)

C(15)

C{16)

C{16]

C[i14)

C(114)

C(I14)

C(I14)

C(17)

C(18)

C(18)

C(19)

C(19)

C(19)

C(19)

C(I13)

C(I13}

C(i13)

C(I13)

C(ll0)

C(II0)

C(II0)

C(II0)

C(23)

C(23)

C{23)

C(23)

C{221)

C[221)

C(221)

C(221)

C(24)

C(24)

C[24)

C{24)

C(25)

C(25}

C(25}

C(25)

C(26)

C(26)

C(214)

C[214)

C(214)

C(214)

C{27)

C(28)

C(28]

C(29}

C(29)

C(29}

C(29)

C(213)

C(213)

C(213)

C(213)

Atom 4

C(122}

C(126)

C(15)

C(I16}

C(15)

C(I16}

C(16)

C(114)

C{16)

C(I14)

C(17)

C(17)

N{II)

C{I13)

N{II)

C(113)

C(18)

C{19)

C(113)

C(110)

C(117)

C(110)

C(I17)

N(II2)

C(I14)

N(II2}

C(I14}

C(III)

C(I18)

C(III}

C(I18)

C(24)

C(215)

C{24)

C[215)

C[222)

C(226)

C[222)

C(226)

C(25)

C(216)

C(25)

C(216)

C[26)

C[214)

C(26)

C(214)

C(27)

C(27)

N(21)

C(213)

N[21)

C(213)

C(28)

C(29)

C(213)

C(210)

C(217)

C(210)

C(217)

N(212)

C(214)

N(212)

C(214)

Angle

125.86

-56.07

2.03

-179.86

-174.85

3.26

177.81

1.13

-0.34

-177.02

-173.84

2.83

-2.53

176.44

-179.41

-0.44

-2.21

177.88

-0.84

178.48

-1.39

-2.81

177.32

-178.45

3.16

2.75

-175.65

0.25

179.46

-179.89

-0.68

-0.45

178.83

175.44

-5.28

73.38

-110.26

-102.76

73.61

-i.ii

178.47

179.62

-0.79

-177.88

1.72

2.54

-177.86

178.96

-0.64

-0.87

177.80

178.75

-2.57

2.76

178.14

-1.53

-174.86

4.90

4 8O

-175 44

175 79

-i 71

-3 89

178 60

0.48)

0.59)

0.60)

0.40)

0.42)

O.66)

0.38)

0.56)

0.6O)

0.37)

0.40)

0.59)

0.55}

0.34)

0.34}

0.53)

0.64]

0.41)

0.61)

0.41)

0.67

0.60

0.43

0.35

0.55

0.58

0.35

0.64

0.45

0.47

0.73

O.7O

0.45

0.41

O.7O)

0.52)

0.47)

0.52)

0.59)

0.68)

0.46)

0.47)

0.77)

0.46)

0.63)

0.69)

0.44)

0.45)

0.72)

0.61)

0.35)

0.40)

0.59)

0.74)

0.44)

0.61)

0.38)

0.61)

0.56)

0.34)

0.32)

0.51)

O.52)

0.35)
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Table A.2, continued

Atom 1

C(28)

C(28)

C{217)

C{217)

C(19)

C(19)

C(118)

C(118)

N(112)

N[112)

C(110)

C(110)

N(II2)

N[II2)

C(18)

C(18)

C(12)

C(126)

C(12)

C(122)

C(121)

C(122)

C(123)

C(124)

C(lll)

C(136)

C(III)

C(132)

C(131)

C(132)

C(133)

C(134)

C(29)

C(29)

C(218)

C(218)

N(212)

N(212)

C(210)

C(210)

N(212)

N(212)

C(28)

C(28)

C(22)

C(226)

C(22)

C{222)

C(221)

C(222]

C{223)

C(224)

C(211)

C(236)

C(211}

C(232}

C(231)

C(232)

C(233)

C(234)

O(301)

C(302)

C(303)

Atom 2

C(29)

C(29)

C[29)

C(29)

C(110)

C(ll0)

C(110)

C(110)

C(111)

C(111)

C(111)

C(111)

C(113)

C(113)

C(113)

C(113)

C(121)

C(121)

C(121)

C(121)

C(122)

C(123)

C(124)

C(125)

C(131)

C(131}

C(131)

C(131)

C(132)

C(133)

C(134)

C(135)

C(210}

C(210)

C(210)

C(210)

C(211)

C(211)

C(211)

C(211)

C(213)

C(213)

C(213)

C(213}

C(221)

C(221)

C{221)

C(221)

C{222}

C(223)

C(224)

C{225)

C(231)

C(231}

C(231)

C(231)

C(232)

C(233}

C(234)

C(235)

C(302)

C(303)

C(304)

Atom 3

C(210)

C(210}

C(210)

C(210)

C(111)

C(111)

C(111)

C(111)

C(131)

C(131)

C(131)

C(131

C(114

C(114

C(114

C(114

C(122

C(122

C(126)

C(126)

C(123)

C[124)

C[125)

C[126)

C(132)

C(132)

C(136)

C(136)

C(133)

C[134)

C(135)

C(136)

C(211

C(211

C(211

C(211

C(231

C(231

C[231

C[231

C[214

C(214

C(214

C(214

C(222

C(222

C(226)

C{226)

C{223

C{224

C(225

C(226

C(232

C(232

C(236

C(236

C(233

C(234

C(235)

C(236)

C(303)

C(304)

C(305)

Atom 4

C(211

C(218

C(211

C(218

N(112

C(131

N(112

C(131

C(132

O(136)

C(132)

C(136)

N(I1)

C(15)

N(11)

C(15)

O(123)

C(123

C(125

C(125

C(124

C(125

C(126

C(121

C[133

C(133

C(135

C(135

C(134

C(135

C(136

C(131

N(212

C(231

N(212

C(231

C(232

C(236

C(232

C(236

N[21)

C(25)

N[21)

C(25)

C{223)

C(223)

C(225)

C(225)

C(224)

C(225)

C(226)

C(221)

C(233)

C(233)

C(235)

C(235)

C(234)

C(235)

C(236)

C(231)

C(304)

C(305)

O(301)

Angle

-1.44

178.92

178.81

-0.83

2.76

-176.42

-176.47

4.35

81.48

-98.87

-99.28

80.37

-1.99

178.98

176.50

-2.53

177.65

-0.51

-177.66

0.48

0.74

-0.91

0.90

-0.69

-178.01

2.33

179.88

-0.46

-0.95

-2.27

4.06

-2.67

-3.24

174.99

176.41

-5.37

99.53

-82.10

-78.80

99.57

4.88

-173.87

-177.49

3.77

174.25

-2.26

-174.87

1.49

1.17

0.72

-1.47

0.34

179.19

O.78

-178.37

0.02

-0.84

0.i0

0.70

-0.75

16.60

-15.48

10.85

0.57

0.39

0.36

0.60

0.66

0.40

0.43

0.67)

0.53

0.56

0.55

0.64

0.49

0.32

0.34

0.54

0.43

0.69

0.46

0.72)

0.80)

0.87)

0.92}

0.87)

0.49]

0.82)

0.71)

1.04}

0.97}

1.23)

1.39)

1.32)

0.59)

0.36)

0.38)

0.58)

0.42)

0.48)

0.51)

0.46)

0.47)

0.33)

0.32)

0.53)

0.44)

0.73)

0.44)

0.72)

0.80)

0.84)

0.84)

0.80)

0.40)

0.61)

0.37)

0.84)

0.71)

0.71)

0.68)

0.64)

2.70)

2.20)

1.80)
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Table A.3. Structure factors (F2_ & F_)' for [Cu(dptmp)2]PFdTHF.

H E L CIoB Ca1© H K L Olol Celt H R b Gl:18 C.a1¢ H K L _ Calc H K L Oion Calc

3 0 0 $879 3?99 11 2 0 337 356 11 4 0 -1 1 9 • 0 004 ?88 9 8 0 227 237

400 2988 2826 1220 838 723 1240 288 265 1060 12 27 1080 77 74

300 096 817 1320 0 , 1340 12 3 1100 ' 15 11 ' 0 87 71

' 00 22 '5 1420 11 41440 103 12 ' 0 149 125 1280 53 58

7 0 0 1845 1814 15 2 0 14 3 15 4 0 17 8 13 6 0 67 69 13 8 0 34 30

• 0 0 1722 1465 16 2 0 -9 0 -18 5 0 28 2 14 • 0 -7 1 14 8 0 -11 0

9 0 0 1305 1173 -10 3 0 18 26 -17 3 0 81 28 15 • 0 76 36 -17 8 0 31 7

10 0 0 855 877 -15 3 0 11 15 -18 5 0 12 5 -18 7 0 -19 3 -16 9 0 32 31

11 0 0 37 68 -14 3 0 •8 72 -18 5 0 -2 1 -17 7 0 81 54 -15 9 0 lS 18

12 0 0 120 129 -13 3 0 1 0 -14 $ 0 102 89 -16 ? 0 24 27 -14 9 0 -$ 0

13 0 0 202 261 -12 3 0 09 •8 -13 S 0 37 38 -13 7 0 11 10 -13 9 0 15 10

14 0 0 544 429 -11 3 0 137 134 -12 S 0 22 21 -14 7 0 36 24 -12 9 0 82 74

15 0 0 •0 38 -10 3 0 272 237 -11 5 0 387 384 -13 7 0 69 •3 -11 8 0 17 41

16 0 0 18 40 -9 3 0 154 153 -10 S 0 808 ?89 -12 ? 0 ? 0 -10 0 0 45 52

-18 1 0 27 12 -8 3 0 889 740 -8 S 0 1S3 152 -11 ? 0 71 04 -8 9 0 466 417

-15 1 0 69 48 -7 3 0 ? 3 -8 3 0 265 293 -10 7 0 100 199 -9 9 0 79 89

-14 1 0 -2 14 -6 3 0 1835 1373 -7 $ 0 199 227 -0 7 0 471 424 -7 9 0 -3 5

-13 1 0 17 1 -S 3 0 20 • -8 S 0 1?86 2025 -8 7 0 7 3 -8 9 0 897 819

-12 1 0 127 38 -4 3 0 25 32 -5 S 0 2 0 -7 7 0 23 16 -5 9 0 396 324

-11 1 0 •$ 78 -3 3 0 2362 •830 -4 S 0 4398 4103 -6 ? 0 361 380 -4 9 0 152 173

-10 1 0 738 850 -2 3 0 1372 1354 -3 5 0 188 178 -S 7 0 168 194 -3 9 0 537 627

-9 1 0 47? 428 -1 3 0 19

-8 1 0 285 273 1 3 0 071

-7 1 0 04 96 2 3 0 2 11 0 S 0 2304 237i -2 7 0 482 409 0 9 0 86

-• 1 0 492 484 3 3 0 48 57 1 S 0 55 77 -1 7 0 7 4 1 g 0 100

-5 1 0 3046 32•7 4 3 0 S02 427 2 5 0 592 428 0 7 0 3888 4249 2 g 0 179

-4 1 0 2802 3009 5 3 0 465 430 3 5 0 4498 4120 1 7 0 7 25 3 9 0 -1

-3 1 0 858 •87 6 3 0 10

3 1 0 8400 9017 7 3 0 S25

4 1 0 537 565 9 3 O 95

5 1 0 2592 2466 g 3 0 452

6 1 0 193 015 10 3 0 435

7 1 0 106 112 11 3 0 711

9 1 0 240 298 12 3 0 35

9 1 O 951 872 13 3 0 102

10 1 0 1293 1152 14 3 0 8

11 1 0 97 73 15 3 0 9

12 1 0 2063 1949 -19 4 0 9

1] 1 0 852 761 -17 4 0 22

14 1 0 143 212 -16 4 0 105

15 1 0 1 9 -15 4 0 17

16 1 0 14 5 -14 4 0 14

-16 2 0 62 58 -13 4 0 130

-15 2 0 22 10 -12 4 0 170

-14 2 0 31 24 -11 4 0 13

-13 2 0 228 203 -10 4 0 90

• -2 $ 0 3 4 -4 7 0 790 730 -2 8 0 264 198
380 -1 S 0 2651 2871 -3 70 1482 1715 -1 8 0 1151 1282

S 450 85S4 ?188 270 290 4?3 490 378

582 S 50 32 17307 816 853 5 9 0 360

76 6 3 0 458 413 4 7 0 958 885 6 9 0 42

381 ? 5 0 2 3 5 7 0 325 489 7 9 0 271

402 9 5 0 283 218 6 7 0 11 24 8 g 0 610

707 9 5 O 173 129 7 7 0 73 1029 9 0 102

27 10 5 0 138 133 8 7 0 629 557 10 9 0 4

80 11 5 0 277 287 9 7 0 11 31 11 9 0 33

3 12 5 0 2 2 10 7 0 95 86 12 9 0 51

2 19 b 0 62 50 11 7 0 297 261 13 9 O 17

? 14 5 O 5 15 12 ? 0 61 67 -17 10 0 85

24 15 5 0 -10 0 13 7 0 38 19 -1610 0 -15
102 -18 6 0 12 1 14 70 51 39 -1510 8 -12

S -17 6 0 -13 15 -17 8 0 -10 1 -1410 0 O
9 -16 6 0 -1 19 -16 8 0 7 1 -13 10 0 32

129 -15 6 0 6 12 -15 8 0 -1 4 -12 10 O 76

156 -14 6 0 -1 0 -14 8 0 14 6 -11 10 0 19

2 -13 6 0 44 35 -13 8 0 -b 12 -1010 0 14

97 -12 6 0 334 364 -12 8 0 -3 4 -910 0 51

111

84

838

O

424

297

33

268

569

85

7

38

65

8

2

6

3

16

51

65

6

12

49

39

73

278

2

6 2 0 352 327 6 4 0 5 4 4 6 0 210 258 4 O 0 382

7 2 0 353 390 7 4 0 -1 3 5 6 0 1919 1803 5 O 0 11

9 2 0 3033 2680 O 4 0 1110 1041 6 6 0 1108 1247 6 8 0 186

9 2 0 433 459 9 4 0 599 542 7 6 0 23 21 7 O 0 -3

10 2 0 38 55 10 4 0 542 571 8 6 0 616 638 8 O 0 2

1210 0 14

1310 0 15

-1611 0 12

-1511 0 -14

-1411 0 -9

-13110 -4

-1211 0 98

-11110 21

-1011 0 -4 5 213 0 14
-9 11 0 94 77 3 13 0 97

-811 0 212 192 413 0 18
-7 11 0 153 104 $ 13 0 -4

-611 0 -1 3 613 0 31

-311 0 83 32 713 0 1

-411 0 117 228 813 O 1

-311 0 38 42 913 0 -7

-2 11 0 828 528 10 13 0 9

-111 0 403 334 -14 14 0 16

O 11 0 165 147 -1314 O 14

111 0 5 0 -12 14 0 64

2 11 0 80 59 -11 14 0 23

3 11 0 7 13 -lO 14 0 16

4 11 0 27 21 -9 14 0 0

311 0 21 31 -914 0 4

811 0 44 39 -714 0 5

7 21 0 19 5 -6 14 0 11

8 11 0 7 19 -5 14 0 5

911 0 86

1011 0 32

11 11 0 39

12 11 0 19

-1512 0 75

-1412 0 75

-1312 0 35

-1212 0 33

-1112 0 31

-1012 0 18

1 -613 0 -2 3 -716 0

0 -513 0 20 2 -616 0

1 -4 13 0 O 21 -516 0

0 -313 0 176 167 -4 16 0

2 -213 0 460 407 -316 0

4 -1 13 0 273 229 -2 16 0

95 013 0 325 301 -11' 0

36 113 0 33 380 16 0

17 116 0

96 2 16 0

21 316 0

1 4 16 0

31 5 16 0

2 616 0

8 ? 16 0
01 -9 17

0 -8 17 0

00 -7 17

I0 -6 17 0

21 -5 17 0

7 -417 0

8 -3 17 0

3 -2 17 0

4 -117 0

1 017 O

13 i 17 0

1 217 0

66 -414 0 31 33 317 0

30 -314 0 251 267 417 0

-214 0 89 103 517 0
4 -114 0 111 87 -618 0

21 014 _ • 0 -518 _33 114 61 86' -428

42 2 14 0 41 34 -3 19 0

42 3 14 0 -3 0 -218 0

21 4 14 0 7 5 -1 19 0

7 5 14 0 20 20 018 0

75 25 0-17 1 24

34 0 1-17 1 22

14 8 2-17 1 -7

41 25 3-17 1 4

-5 5 4-171 9

-4 1 5-17 1 -10

30 30 6-17 1 16

17 17 7-17 1 2

1 2 8-17 1 14

46 35 9-17 1 4

23 44 10-17 I 2

-$ 4 -?-18 1 -13

9 5 -6-16 1 -13

-9 4 -5-16 1 15

0 -4-16 1 204 18 -3-16 1 1

-6 16 -2-16 1 20

12 1 -1-36 1 37

23 9 0-16 1 5

-7 3 1-16 1 -1

-1 2 2-16 1 5

-6 2 3-16 1 10

5 3 4-16 1 0

14 7 3-16 1 1

-5 9 6-16 1 48

15 23 7-18 1 -6

36 13 8-16 1 4

-b 2 9-16 1 3
-5 0 10-181 -7

14 @ 11-16 1 -5

-7 0 -9-15 1 503

6 2 -8-15 1 4

-1 9 -7-15 1 -11

13 6 -6-15 i 24

-1 2 -5-13 i 17

5 0 -4-15 1 4

-1 O -3-152 19

63

115

296

10

go

36

387 7 10 0 69 58

17 O 10 0 86 99

169 9 10 0 3 11

1 10 10 0 40 14

3 ll 10 0 62 46

23 3-14 1 3 8

14 4-14 1 53 44

1 5-14 1 g 3

7 6-14 1 -2 22
9 7-14 1 78 54

1 8-14 1 40 44

3 9-14 1 5 6

9 10-14 1 -7 0

11-14 I _: 7:12-14

7 13-14 1 4

4 14-14 1 28 3

2 -11-13 1 -7 4

5 -10-13 1 6 7

26 -9-11 1 47 26

0 -0-13 1 -1 3

6 -7-13 1 4 1

35 -6-13 1 17 15

6 -5-13 1 41 35

0 -4-13 1 -3 7

2 -3-13 1 42 39

1 -2-13 1 123 123

1 -1-13 1 190 184

9 0-13 1 8 9

12 1-13 1 -1 12

2 2-13 1 41 37

0 3-13 1 7 13

0 4-13 1 22 10

1 5-13 1 62 66

1 6-13 1 -1 0

2 7-13 1 -4 g

O 8-13 1 123 106

g 9-13 1 45 48

26 10-131 6 19

16 11-13 1 -7 0

1 12-13 1 34 41

15 13-13 1 20 16

-3 2 0 19034 14924 0 4 0 1435 1368 -2 6 0 1153 1258 -2 8 0 69 51 1 lO O 60

-2 2 O 37913 29271 1 4 0 8 lg -1 6 0 1935 2298 -1 8 0 55 55 210 O 136
2 2 0 3110 5120 2 4 0 207 251 0 6 0 413 454 0 8 0 339 433 3 10 0 279

3 2 0 493 364 3 4 0 47 36 1 8 0 573 406 1 8 0 10 18 4 10 0 O

4 2 0 8224 8170 4 4 0 2 26 2 6 0 2405 2375 2 8 0 23 22 510 0 70

3 2 0 go 117 5 4 0 2061 1955 3 6 0 3158 3065 3 8 0 980 1093 6 10 0 37

-12 2 0 -5 3 -9 4 O 2706 2563 -11 6 0 128 88 -11 8 0 91 62 -9 10 0 49

-11 2 0 19 g -8 4 O 460 400 -10 6 0 22 27 -10 8 0 23 34 -7 lO 0 80

-10 2 0 95 344 -7 4 0 37 70 -9 6 0 426 3g4 -3 e 0 25 27 -6 10 0 297

- 9 2 0 716 617 -6 4 0 249 152 -8 6 0 754 857 -8 8 0 176 135 -5 10 0 -2

. 2 8 2 2 -5 , 0 ,02 .5 .7 , 0 15, 1. 7 . 0 11 18 410 0 328 113
-7 2 0 293 358 -4 4 0 119 82 -6 6 0 132 112 -6 8 0 3 5 -3 10 O 1517 1366

-6 2 O 1047 1312 -3 4 0 25 12 -5 60 2897 2039 -6 8 0 904 870 -210 O 335 323

5 2 0 3 12 -2 4 0 22o5 2135 -4 6 0 486 .8 -4. 0 .01 745 118 o , 7
-4 2 0 714 788 -1 4 0 862 logo -3 6 0 ? 13 -3 8 0 648 610 0 10 0 1101 1037
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Table A.35 continued
H K L Ct_ Calc M g L Oloe talc M g h O1_ Celt M K L _ Cmlc M K L Ot_ Cmlc

............................

-9 12 0 31 24 • 14 0 20 12 1 18 0 11 10 -2-15 1 3 12 14-13 1 3 0

-8 12 0 3 2 7 14 0 22

-? 12 0 28 41 | 14 0 14

-8 12 0 97 92 9 14 0 -7

-5 12 0 17 17 -12 lS 0 -11

-4 12 0 4 2 -11 13 0 5

-3 12 0 20 10 -10 13 0 lS

-2 12 0 1?5 167 -9 13 0 31

-1 12 0 •? 49 -0 16 0 18

012 _ 116 100 -? 15 _ -II 12 73 i1 -• 18

2 12 0 110 142 -3 18 0 22

3 12 0 -3 3 -4 18 0 82

4 12 0 79 00 -3 lb 0 •B

3 12 0 126 130 -2 15 0 -3

• 12 0 •

? 12 0 2

0 12 4

9 12 -5

10 12 9

11 12 -S

-14 13 1'%

-13 13 -10

-12 13 10

-11 13 22

-10 13 0

-9 13 0

-8 1'% 9`%

-? 13 3`%

15-12 -9

1•-12 14

-12-11 -8

-11-11 38

-10-11 29

-9-11 2

-8-11 63

-7-11 168

-6-11 -2

-5-11 65

-4-11 168

-3-11 '%

-2-11 101

-1-11 591 `%48 3 -9 1 341

0-11 94 89 4 -9 1 •77

1-11 97 100 5 -9 1 82

2-11 519 4?3 8 -9 1 91

3-11 355 283 ? -9 1 318

4-11 378 316 $ -9 1 10

5-11 90 91 9 -9 1 39

6-11 122 112 10 -9 1 141

7-11 130 99 11 -9 1 11

8-11 23 16 12 -9 1 46

9-11 46 51 13 -9 1 0

10-11 94 90 14 -9 1 0

11-11 -4 2 15 -9 1 -1

12-11 39 31 16 -9 1 0

13-11 56 21 17 -9 1 33

14-11 13 0-14-81 -7

15-11 -4 0 -13 -81 15

16-11 10 9 -12 -9 1 41

-13-10 3? 17 -11 -$ 1 131

-12-10 47 `%3 -10 -0 1 21

111o 5 ' :::: I 52-10-10 85 90 141

-9-10 64 46 -? -8 1 58

-0-I0 146 171 -6 -8 1 532

-7-I0 32

-6-10 10

-'%-10 52

-4-10 200

-3-10 21

-2-10 174

-1-10 49

0-i0 78

1-10 273

2-10 284 272 4 -8 1 811

3-10 -2 3 5 -8 1 145

4-10 266 217 • -8 1 `%9

'%-10 434 434 ? -$ 1 100

6-10 152 126 9 -8 1 716

7-10 -1 2 9 -$ 1 135

8-10 199 197 10 -8 1 48

9-10 126 105 11 -8 1 68

10-10 46 27 12 -8 1 119

11-10 68 77 13 -8 1 94

12-10 59 57 14 -• 1 -5

13-10 40 51 15 -8 1 16

14-10 1 3 16 -8 I 18

15-10 -'% 2 17 -O 1 42

16-10 -13 7 18 -8 1 -4

17-10

-14 -9

-13 -9

-12 -9

-11 -9

-11 -1

-10 -1

-9-1

-8-1

-?-1

-6-1

-5-1

-4-1

-3-1

14 2 18 0 4

0 3 18 0 11

1 -1 19 0 '%

1 -2-19 1 -2

? -1-19 1 -9

10 0-19 1 •

10 1-19 1 39

12 2-19 1 -1

1 3-19 1 -13

,% 4-19 1 -1

10 -4-18 1 -4

94 -3-18 1 6

`%• -2-18 1 2 4
3 -1-18 1 26

1 -1 18 0 27 13 0-11 1 1

0 0 15 0 119 144 1-1'% 1 10

i 15 0 48 4• 2-18 1 212 15 0 13 13 3-10 1 -3

1 3 15 0 ,% 9 4-18 1 -I

11 4 18 0 -4 3 '%-10 1 0

17 ,% 15 0 9 2 ,%-10 1 -4

• 6 1'% 0 12 11 7-11 1 0

19 ? 1'% 0 10 2 -6-17 1 1 s
35 0 1,% 0 -12 2 -,%-17 1 0

3 -11 16 0 -9 12 -4-17 1 |

8 -10 16 0 12 15 -3-17 1 16

72 -9 16 0 -8 2 -2-17 1 2

32 -`% 16 0 -9 ,%
• -1-1?

0 -10 -9 1 196 239 -9 -7 18 39 -11 -3 1 -4 1 -14 -3 1 3

0 -9 -9 1 13 29 -8 -? 1 4`%5 381 -10 -5 1 618 '941 -13 -3 1 3 3
20 -8 -9 1 42 32 -7 -7 1 21,% 150 -9 -8 1 140 188 -12 -3 1 169

43 -7 -9 1 128 `%4 -6 -? 1 97 `%7 -`% -`% 1 1001 985 -11 -3 1 •2

24 -6 -9 1 24? 206 -`% -? 1 391 370 -? -8 1 28 40 -10 -3 1 23

17 -5 -9 1 46 37 -4 -? 1 1219 1206 -6 -b 1 404 410 -9 -3 1 138

63 -4 -9 1 363 312 -3 -? 1 945 987 -`% -8 1 241 302 -8 -3 1 469

171 -3 -9 1 373 292 -2 -? 1 122 185 -4 -8 1 -1 5 -7 -3 1 6

6 -2 -9 1 98 23 44 -3 -5 1 419 397 -6 -3 1 1029

ll -1-15 1 13 8 65-13 1 11 •

4 0-1,% 1 19 20 -12-12 1 -4 5

1 1-1,% 1 21 10 -11-12 1 -6 0

? 2-1'% 1 '% 3 -10-12 1 `%3 49

1 3-1'% 1 -4 0 -9-12 1 24 31

4 4-1'% 1 19 26 -0-12 1 17 22

3 '%-1'% 1 42 36 -7-12 1 74 76

0 6-15 1 0 4 -6-12 1 79 64

2 1-1'% 1 1 1 -'%-12 1 ' 1
? o-1,% 1 39 11 -8-12 1 ?2 ,%
2 9-18 • 36 4 -3-12 1 87 8`%

7 10-1'% 1 -1 0 -2-12 1 3`% `%0

34 11-1'% 1 -10 2 -1-12 1 81 91

'97 12-15 1 41 4 0-12 • •03 101

13 13-1'% 1 $ 0 1-12 1 110 133

0 -10-14 1 -11 4 2-12 1 4 2

-9-14 1 34 4 3-12 1 121 97-I-18 1 17 0 4-12 1 206 193

0 -7-14 1 11 ,% ,%-12 1 77 76

4 -'-14 1 1 1 '%-12 1 12 1

2 -'%-14 1 -1 0 7-12 1 114 ' 2
1 -4-14 1 `%9 44 8-12 1 91 118

8 -3-14 1 27 3? 9-12 1 11 13

1 -2-14 1 18 26 10-12 1 29 3

9 -1-14 1 48 4`% 11-12 ) 03 ?4

29 0-14 1 147 126 12-12 1 31 29

23 1-14 1 49 100 13-12 1 5 1

0 2-14 1 29 30 14-12 1 •
B

29

178

47

13

118

680

2

934125 -1 -? 1

38 -1 -9 1 1791 17'96 0 -? 1 53 57 -2 -5 1 3840 3870 -5 -3 1 2171 2042

169 0 -9 1 416 333 1 -? 1 799 841 -1 -3 1 110 886 -4 -3 1 3692 39`%5

4 1 -9 1 239 298 2 -7 1 3? '91 0 -8 1 14216 1656 -3 -3 1 259 29`%

89 2 -9 1 11160 1095 3 -? 1 242 202 1 -8 1 257 144 -2 -3 1 13 25

318 4 -7 1 35 22 2 -5 1 219"/ 2438 -1-3 1 27 34

618 5 -7 1 195 160 '% -8 1 1575 1647 I -3 1 793 501

"/8 6 -7 1 093 759 4 -5 1 349 315 2 -3 1 2200 2013

129 7 -7 1 3? 44 '% -$ 1 1980 2010 3 -3 1 809 906

259 8 -7 1 258 321 6 -5 I 467 455 4 -3 1 324 307

15 9 -7 1 339 32`% 7 -`% 1 5 0 5 -3 1 687 760

47 10 -7 1 31 28 9 -5 1 1191 1242 • -3 1 799 798

122 11 -7 1 254 257 9 -5 1 645 526 7 -3 1 -2 4

15 12 -7 I 140 105 10 -`% I 5 1 8 -3 1 1507 1468

34 13 -7 1 10 1 11 -5 1 24`% 241 9 -3 1 520 `%44

1 14 -7 1 4 12 12 -`% 1 112 100 10 -3 1 998 834

2 15 -7 1 -6 2 13 -5 1 177 165 11 -3 1 106 103

2 16 -? 1 31 32 14 -5 1 -4 3 12 -3 1 90 92

18 17 -7 1 24 3 15 -5 1 -3 14 13 -3 1 283 283

16 18 -7 1 -`% 0 16 -5 1 110 121 14 -3 1 12 0

4 -15 -6 1 3 24 17 -5 1 -12 4 15 -3 1 19 35

7 -14 -6 1 24 11 18 -5 1 1 5 16 -3 1 166 142

45 -13 -$ 1 48 30 -15 -4 1 50 26 -18 -2 1 16 33

109 -12 -6 1 42 56 -14 -4 1 13 12 -15 -2 1 6 10

21 -11 -6 1 351 351 -13 -4 1 99 120 -14 -2 1 113 109

51 -10 -6 1 -3 4 -12 -4 1 0 7 -13 -2 1 375 384

107 -9-6 1 394 348 -11-4 1 69 71 -12-2 1 428 335

41 -0 -6 1 `%73 418 -10 -4 1 1059 1020 -11 -2 1 16 27

527 -7 -6 1 456 329 -9 -4 1 0 3 -10 -2 1 16 24

41 -5 -8 1 532 503 -6 -6 1 77 50 -8 -4 1 100 156 -9 -2 1 812 898

3 -4 -8 1 1707 1558 -5 -6 1 ?08 745 -7 -4 1 191 190 -8 -2 1 202 173

51 -3 -8 1 90 111 -4 -6 ] 679 675 -6 -4 1 14 6 -7 -2 1 1987 1954

191 -2 -0 1 248 220 -3 -• 1 225 210 -5 -4 1 ,984 427 -6 -2 1 134 17,%

31 -1 -8 1 85 115 -2 -6 1 13 25 -4 -4 i 6362 6396 -5 -2 1 30 13

159 0 -8 1 83 134 -1 -6 1 3956 4282 -3 -4 1 1136 1169 -4 -2 1 874 1029

45 1 -8 1 2 1 0 -6 1 697 317 -2 -4 1 0 3 -3 -2 1 4386 4147

64 2 -8 1 1345 1525 1 -6 1 48 80 -1 -4 1 19 15 -2 -2 1 35 33

157 3 -8 1 662 548 2 -6 1 2955 3008 0 -4 1 900 923 -1 -2 1 372 474

488 3 -6 1 239 214 1 -4 1 7314 7251 2 -2 1 ?9£9 7810

133 4 -E 1 146 154 2 -4 1 1337 1327 3 -2 I 364 918

75 5 -6 1 310 265 3 -4 1 3535 4019 4 -2 1 34 17

72 6 -6 1 2 3 4 -4 I 137 161 5 -2 1 30 14

582 7 -6 1 5 5 5 -4 1 368 264 6 -2 1 5 4

141 9 -6 1 -2 I; • -4 1 52 46 7 -2 • 2534 2391

46 9 -6 1 159 146 ? -4 1 401 529 8 -2 1 1426 1492

61 10 -6 1 288 296 8 -4 1 4 9 9 -2 1 1092 1139

119 11 -6 1 -3 1 9 -4 1 16 22 10 -2 1 5]1 4`%3

83 12 -6 1 10 17 10 -4 1 1383 1147 11 -2 1 104 106

13 13 -6 1 143 134 11 -4 1 42 25 12 -2 1 208 192

7 14 -$ 1 46 38 12 -4 1 9 14 13 -2 1 10 5

23 15 -6 1 20 1 13 -4 1 56 60 14 -2 1 101 101

28 16-+ 1 -8 o 14-4 1 5? 71 15-2 I 28 13
o 17-8 I 13 7 lS-4 I 7 29 16-2 1 1• 11

-8 4 -14 -7 1 19 1 18 -6 1 -15 1 16 -4 1 12 0 -16 -1 1 38 17

22 '% -13-? 1 118 118 -1,%-8 1 3 ' 17-4 1 53 55 -15-1 1 63 58
8 1'% -12 -7 1 34 14 -14 -5 1 -6 $ 18 -4 1 11 4 +14 -I 1 367 323

21 9 -11 -? 1 34 8 -13 -5 1 5 11 -1(; -3 1 -10 -% -13 -1 1 `%92 553

65 45 -lO-,I 4.i 4o4-1_-)I "8 158-1l-; I ' 13-12-) I 11 :
234 222 I 7903 6942 2'513 2508 098 1040 4 381 43

1172 119'% 4 1 1 •?33 8191 6 3 ) "155 824 IS ,% 1 '931 486 b 7 1 446 489

15 21 5 1 1 436 385 ? 3 1 141 127 7 ,% 1 10 1 6 7 1 121 111

166 203 6 1 1 423 476 8 3 1 1234 1275 4 ,% 1 191 168 7 7 1 30 18

3000 3031 7 1 1 632 547 9 3 1 383 362 9 '% 1 351 382 8 ? 1 333 297

72 72 8 1 1 2193 2350 10 3 1 -2 3 10 '% 1 9 1 9 ? 1 27 28

138 142 9 1 1 83 92 11 3 ) 379 352 11 5 1 115 104 10 ? 1 164 131

5512 '9671 10 1 1 36 50 12 3 1 246 284 12 .% 1 74 79 11 ? 1 13 1

85 145 ]1 1 1 470 360 13 3 1 17 4 13 5 1 61 66 12 7 1 92 65
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Table A.3, continued
H K L Ohm Calc H

3 -1 1 0?4 1116 12 1

4 -I I 13827 14418 13 I

5 -1 1 2?8 314 14 1

8 -1 1 389 360 IS 1

7 -1 1 1991 2951 16 1

0 -1 1 40 71 -18 2

9 -1 1 230 355 -15 2

10 -1 1 25 11 -14 2

11 -1 l 20 6 -13 2

12 -1 1 41 42 -12 2

13 -1 1 120 103 -11 3

14 -1 1 104 09 -10 2

IS -1 1 -1 2 -0 2

11 -1 1 45 2? -8 2

-16 0 1 130 128 -7 2

-15 0 1 44 36 -6 2

-14 0 1 0 16 -$ 2

-13 • 1 132 130 -4 2
-12 0 1 100 02 -3 2

-11 0 1 103 120 -2 3

-10 0 1 34 30 -1 3

-9 0 1 20 42 2 2

-0 0 1 945 060 3 2

-? 0 1 32 41 4 2

-S 0 1 2808 24?? 3 2

-S 0 1 340 430 6 2

-4 0 1 257 260 ? 2

-3 0 1 2?84 3005 $ 2

3 0 1 2075 2134 9 2

4 0 1 101 98 10 2

b 0 1 3318 3674 11 2

6 0 1 34 11 12 2

? 0 1 145 180 13 2

$ 0 1 1897 1854 14 2

9 0 1 49 36 15 2

10 0 2 964 089 16 2

1101 I ?-16 2
12 0 1 10 132 -15

13 0 1 173 163 -14 3

14 0 1 -O 1 -13 3

15 0 1 5 1 -12 3

18 0 1 44 3 -11 3

-16 1 1 -12 5 -10 3

-15 1 1 110 ?6 -9 3

-14 1 ) 47 92 -0 3

-13 1 1 ?0 103 -? 3

-12 1 1 59 46 -6 3

-11 1 1 -1 2 -5 3

-10 1 1 1234 1085 -4 3

-9 1 1 87 30 -3 3

-8 1 1 -3 10 -2 3

-7 1 1 1438 1191 -1 3

-6 1 1 920 835 0 3

-5 1 1 22 42 1 3

4 1 1 20./3 2354 2 3

-3 1 1 5"/99 5470 3 3

2 1 1 3650 32136 4 3

"/ 9 1 264 249 -13 12

e 9 1 10 14 -12 12

9 9 1 6 15 -11 12

10 9 1 100 104 -10 12

11 9 1 16 2 -9 12
12 9 1 32 6 -6 12

13 9 1 34 24 -"/ 12

-16 10 1 -19 7 -6 12

-15 10 1 66 23 -5 12

-14 10 1 8 10 -4 12

-13 10 1 1 0 -3 12

-12 20 1 88 112 -2 12

-11 10 1 34 33 -1 12

-10 10 1 17 26 0 12

-9 10 1 37 20 I 12

-9 10 1 156 161 2 12

-7 10 1 14 14 3 12

-6 10 2 12"/ 105 4 12

-5 10 ) 506 501 b 12

-4 10 1 13 20 6 12

-3 10 1 249 172 ? 12

-2 10 1 1434 1270 8 12

i 10 1 223 181 9 12

0 10 1 163 171 10 12

i 10 1 551 545 11 12

2 10 1 536 S?O -14 13

3 10 1 353 354 -13 13

4 10 1 58 ?4 -12 13

S 10 1 191 158 -11 13

6 10 ) -3 2 -10 13

? 10 ) ?2 88 -9 13

9 10 1 101 61 -9 13

9 10 1 31 36 -? 13

10 10 1 26 25 -6 13

11 10 1 16 3 -S 13

12 10 1 52 50 -4 13

-16 11 1 25 1 -3 13

-15 11 1 56 20 -2 13

-14 11 1 17 18 -1 13

-13 11 1 43 28 0 13

-12 11 1 -6 ? 1 13

-11 11 1 9 11 2 13

-10 11 1 ? 1 3 13

-9 11 1 5 3 4 13

-9 11 1 18 42 5 13

-? 11 1 353 2"/5 6 13

-6 11 1 14"/ 321 ? 13

Otis CAlc H K L _ Calc H K L (_'8 Calc H K L Ot_ Calc

................................. _ - - -

212 281 14 3 1 21 26 14 5 1 31 49 13 7 1 140 133

1 20 15 3 1 2 6 1S 5 1 -11

19 13 -10 4 1 -14 ? -18 6 1 43

-1 10 -16 4 1 40 12 -17 6 1 43

-6 S -15 4 1 3 0 -16 • 1 32

85 04 -14 4 l 83 ?0 -13 • 1 17

3 1 -13 4 1 24 20 -14 • 1 25

61 31 -12 4 1 344 305 -13 • 1 34

43 53 -11 4 1 1250 1140 -12 • 1 04

110 93 -10 4 1 3000 1771 -11 • 1 61

340 264 -• 4 1 13 28 -10 6 1 311

200 191 -0 4 1 815 0?0 -0 • 1 ?4

223 200 -7 4 1 09 107 -0 6 1 17

200 361 -S 4 1 1331 1263 -? • 1 310

3 14 ? 1 -12 13

3 -17 8 1 -19 ?

20 -16 $ 1 22 36

24 -15 8 1 -9 4

0 -14 $ 1 ? 3

31 -13 8 1 -1 9

40 -12 8 1 ?0 83

100 -11 0 1 14 22

41 -10 1 21 184 181241 -9 240 225

105 -8 • 1 100 135

'7 -? • 1 131 106

32? -6 8 1 445 401

02 63 -S 4 1 41 69 -• • 1 2357 2026 -5 0 1 1022 1051

110 |? -4 4 1 3|6 434 -S • 1 20 25 -4 $ 1 121 120

108 2?? -3 4 1 3402 3715 -4 • 1 002 044 -3 0 1 590 536

3o9 0,3 -2 : I ,03 532 :: :1 211 .0 :: : 1 3035 3119246 411 -1 S470 3305 1 1386 1237 1 13 19

19 31 0 4 1 6b 66 -1 • 1 243 292 0 0 1 4 5

404 071 1 4 1 136 144 0 • 1 •03 9?3 1 0 1 036 1091

3341 4161 2 4 1 1472 1565 1 • 3 6623 6605 2 | 1 66 26

510 690 3 4 1 269? 2655 2 6 1 661 475 3 8 1 407 566

346 400 4 4 1 4817 5293 3 6 1 176 122 4 3 1 410 39?

1744 2006 b 4 1 104 117 4 6 1 1553 1169 5 0 1 102 171

?3 91 6 4 1 240 267 5 6 3 623 636 6 0 1 431 3??

41 36 ? 4 1 1034 036 6 • 1 16 8 ? $ 1 100 17•

149 123 8 4 1 -1 3 ? 8 1 345 230 8 0 1 302 466

246 260 • 4 1 100 245 8 6 1 21 53 9 8 1 123 127

579 529 20 4 1 1102 023 9 6 1 30 7 10 9 1 _2 23

194 213 21 4 1 96 94 10 6 1 243 230 11 9 1 106 105

46 41 12 4 1 13 36 11 6 1 96 78 12 O 1 119 ?6

?0 80 13 4 1 313 2?? 12 6 1 52

55 32 14 4 1 17 14 13 6 1 96

2 0 15 4 1 -8 1 14 8 1 2

30 35 -17 5 1 -14 9 -16 ? 1 0

15 4 -16 5 1 22 16 -1? ? 1 -6

22 9 -15 S 1 2? 11 -16 ? 1 41

5 • -14 S 1 -1 7 -15 ? 1 30

146 142 -13 5 1 102 105 -14 ? 1 5
6 7 -12 5 1 359 296 -13 ? 1 6

39 27 -11 5 1 295 292 -12 ? 1 23
4?2 452 -10 5 1 19 13 -11 ? 1 82

542 612 -9 5 1 239 210 -10 ? 1 31

241 219 -8 S 1 ?22 663 -9 ? 1 83

23 2? -7 5 1 24 12 -8 ? 1 484

65 13 8 1 6 8

107 -17 • 1 13 4

19 -16 9 1 -13 0

0 -15 • 1 O 30

6 -14 • 1 20 40

9 -13 9 1 40 50

21 -12 • 1 5 1

11 -11 9 1 192 174

0 -10 • 1 40 34

8 -9 0 1 5 2

83 -9 • 1 3 3
?26 -? 9 1 54 2

?3 -6 • 1 68 62

453 -S 9 1 88 104

171 96 -6 S 1 44 34 -7 7 1 9 12 -4 9 1 806 815

160 121 -b S 1 2466 2376 -6 ? 1 124 136 -3 9 1 3?3 310

400 630 -4 5 1 76 106 -5 ? 1 672 771 -2 9 1 22? 233

990 1040 -3 5 2 150 142 -4 ? l 1283 1215 -1 9 1 569 549

126 121 -2 5 1 499 636 -3 ? 1 61 40 0 9 1 186 176

4516 4031 -1 5 1 1261 1175 -2 ? 1 54 73 1 9 1 257 291

5021 4135 0 5 3 412 229 -1 ? ) 1126 1101 2 • 1 110 87

10103 0939 1 5 1 1446 17S2 0 ? 1 4 2 3 9 1 2? 8

80 119 2 5 1 6497 5759 1 ? ] 3 10 4 9 1 92 137

?20 770 3 S 1 4518 3873 2 ? 1 29 44 5 9 1 35 35

42 84 4 5 1 411 458 3 7 2 395 398 6 9 1 10 1

5 1 3 14 1 69 42 1 16 1 -1 6 -4-15 2 4 6

29 24 4 14 1 20 31 2 18 1 -6 1 -315 2 -1 2

2? 38 5 14 1 19 6 -1-19 2 21 9 -2-15 2 12 17

0 3 6 14 ] 25 24 0-19 2 -6 2 -1-15 2 25 21

4 0 ? 14 1 76 49 3-19 2 -2 2 0-15 2 16 25

25 18 8 14 1 14 ? 219 2 6 1 1-15 2 6 1

-3 1 9 14 ] 84 20 3-19 2 2 _ 215 2 -4 1

12 ./ -32 15 1 34 9 4-19 2 0 0 3-15 2 45 41

6 9 -11 15 1 -10 10 5-19 2 137 1 4-15 2 23 lb

32 26 10 15 1 39 5 6-19 2 0 0 515 2 -3 0

16 11 -9 15 1 2 0 -4-10 2 23 ) 6-15 2 39 22

85 91 -8 15 1 10 46 -3-18 2 B 6 ?-15 2 32 22

el 75 -7 1s 1 0 S -2-18 2 -2 0 8-15 2 15 20

215 195 -6 15 1 49 25 -1-19 2 11 1 9-15 2 10 5

21 3 -S 15 1 15 25 0-16 2 15 11 10-15 2 -6 4
33 34 -4 15 1 -2 6 1-10 2 -4 4 11-15 2 8 0

21 11 -3 15 1 0 2 218 2 44 1 12-15 2 -13 2

12 4 -2 15 1 24 31 3-10 2 3 1 13-15 2 -11 3

50 31 -1 15 1 11 10 4-18 2 6 6 -10-14 2 30 0

94 96 0 15 1 15 0 5-18 2 1 2 -9-14 2 18 10

132 100 1 15 ] 121 09 6-10 2 -4 3 -9-14 2 17 4

3 3 2 15 ) 81 97 7-1' 2 1 4 -?-14 2 3 2

26 3./ 3 15 1 8 22 0-16 2 -11 0 -6-14 2 22 2?

43 23 4 15 1 14 0 -6-17 2 -10 2 -3-14 2 9 21

26 2 5 15 1 4 16 -5-17 2 24 14 -4-14 2 -5 3

-10 1 6 13 1 10 16 -4-17 2 10 9 -3-14 2 15 19

41 24 7 15 1 -15 1 -3-17 2 5 6 -2-14 2 82 76

24 28 8 15 1 21 39 -2-17 2 2 0 -1-14 2 13 15
28 5 -11 26 2 -12 2 -1-17 2 - 5 0 0-14 2 17 16

-5 0 -10 16 1 19 5 0-17 2 -3 0 1-14 2 133 105

-5 ? -9 16 1 -2 19 1-17 2 24 9 2-14 2 234 212

1 2-17 2 -4 0 3-14 2 53 49-5 1 -8 16 1 1

2? 23 -? 16 1 27 29 3-17 2 9 2 4-14 2 0 16

52 32 -6 16 1 10 10 4-17 2 ? 0 5-14 2 35 31

13 1 -S 16 ) 14 3 5-17 2 10 2 6-14 2 0 1

64 77 -4 16 1 ? 10 6-17 2 1 9 ?-14 2 34 67

269 254 -3 16 ) 12 16 7-17 2 6 2 814 2 119 100

210 176 -2 16 1 2 9 8-17 2 -7 4 9-14 2 40 40

97 123 -1 16 1 -6 2 9-17 2 0 0 10-14 2 10 0

-3 1 0 16 1 14 $ 10-17 2 -7 0 11-14 2 -? 16

229 226 1 16 2 15 37 -8-16 2 13 ) 12-14 2 33 2?

109 124 2 16 1 47 19 -?-16 2 -13 1 13-14 2 37 0

18 21 3 16 1 32 10 -6-16 2 7 9 14-14 2 17 ?

5? 79 4 16 1 S 9 -5-16 2 11 ? -11-13 2 3 0

37 45 5 16 1 -8 0 -4-16 2 21 2 -10-13 2 -9 0

17 • 6 16 1 -9 3 -3-16 2 -5 3 -9-13 2 14 11

18 3 -9 17 1 -? 1 -2-16 2 -3 1 -0-13 2 -7 1

w
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Table A35 continued
M g L _ Ca1© H g L _ Calc M g L _ Cal¢ M K L _ Calc I1 X L Obs Ca1¢

.................................................

-5 11 1 74 107 0 13 1 28 28 8 17 1 28 34 -1-16 2 -2 7 -7-13 2 10 4

-4 11 1 162 145 9 13 1 7 44 -7 17 1

-3 11 1 253 248 10 13 1 33 3 -6 17 1

-2 11 1 80 60 -13 14 1 7 1 -3 17 1

-1 11 1 30 27 -12 14 1 17 8 -4 17 1

0 11 1 50 48 -11 14 1 30 33 -3 17 1

1 11 1 387 341 -10 14 1 32 24 -2 17 1

2 11 1 4 3 -8 14 1 40 23 -1 17 1

3 11 1 -3 1 -8 14 1 18 15 0 17 1

4 11 1 105 73 -7 14 1 41 25 1 17 1

5 11 1 0 6 -6 14 1 22 0 2 17 1

6 11 1 | 2 -3 14 1 3 24 3 17 1

7 11 1 08 88 -4 34 1 128 105 4 17 1

8 11 1 22 14 -3 14 1 6? 74 -5 18 1

8 11 1 -7 5 -2 14 1 4 ? -4 18 1

10 11 1 23 28 -1 14 1 48 35 -3 10 1

11 11 1 14 $ 0 14 1 220 188 -2 10 1

-35 12 $ 37 35 1 14 1 128 130 -1 18 1

-14 12 1 38 18 2 14 1 15 1 0 14 1

-$ 0 0-16 2 17 33 -6-13 2 26 51

9 3 1-16 2 10 4 -5-13 2 -1 3

-7 1 2-18 2 2 0 -4-13 2 25 12

18 ? 3-14 2 0 2 -3-13 2 130 145

4 4-16 2 17 13 -2-13 2 -3 5
- 0 5-16 2 5 10 -1-15 2 47 48

11 3 6-18 2 8 1 0-13 2 420 3?6

2 1 7-18 2 -I 4 1-13 2 211 212

39 19 8-16 2 20 20 2-13 2 15 11

12 25 _-10 2 22 31 3-13 2 103 86

20 0 10-18 2 -5 8 4-13 2 43 43

15 0 11-16 2 -4 0 5-13 2 -1 7

21 0 12-18 2 69 2 6-13 2 28 31

-8 2 -8-18 2 30 2 7-13 2 70 86

-4 1 -0-15 2 8 0 8-13 2 53 51

-S 5 -?-15 2 -6 2 8-13 2 -3 0

2 0 -6-15 2 34 0 20-13 2 15 2 2

14 3 -5-15 2 30 18 11-13 2 31 28

83 -13 -4 2 S 2

66 -12 -4 2 638 500
12-13 2 6

13-13 2 -8

14-13 2 7

15-13 2 6

-12-12 2 42

-11-12 2 -1

-10-12 2 )3

-8-12 2 6

-8-12 2 50

-7-12 2 6

-6-12 2 0

-5-12 2 101

-4-12 2 60

-3-12 2 2?

-2-12 2 118

-1-12 2 531

0-12 2 565

1-12 2 30

2-12 2 -2

3-12 2 86

4-12 2 69

5-12 2 27

5-12 2 104

?-12 2 5

8-12 2 0

8-12 2 139

10-12 2 60

11-12 2 2

12-12 2 0

13-12 2 10

14-12 2 11

15-12 2 45

16-12 2 -4

-13-11 2 72

-12-11 2 33

-11-11 2 -9

-10-11 2 26

-9-11 2 92

-8-11 2 1

-7-11 2 8

-6-11 2 114

-5-11 2 24

-4-11 2 117

-3-11 2 260

-2-11 2 335

-1-11 2 311

0-11 2 67

1-11 2 42

2-11 2 -2

3-11 2 110

4-11 2 161

5-11 2 235

6-11 2 1

"/-11 2 111

8-11 2 204

9-11 2 3?

10-11 2 -4

11-11 2 39

12-11 2 108

13-11 2 ?5

14-11 2 45

15-11 2 -13

15-11 2 -2

-13-10 I 13-12-10 18

-11-10 2 72

-15 -2 2 53

-14 -2 2 3?

-13 -2 2 2

-12 -2 2 132

-11 -2 2 64

-10 -2 2 606

-9 -2 2 20

-8 -2 2 5"/9

-7 -2 2 705

-6 -2 2 109

-5 -2 2 245

-4 -2 2 591

-3 -2 2 2

1 -10-10 2 57 62 -8 -8 2 272 226 -10 -6 2 99

8 -_-10 2 8 16 -? -0 2 12 1 -8 -6 2 105

5 -O.lO2 64 6o -8-8 2 12o o7 :_:: I 21_ 2,1-11-: : 2, 42
1 -?-10 2 78 ?6 -5 -8 2 180 145 -10 217 174 '

2 -6-10 2 157 148 -4 -8 2 141 167 -8 -8 2 1744 1621 -9 -4 2 317 281

11 -5-10 2 48 74 -3 -8 2 1327 1105 -5 -8 2 278 315 -8 -4 2 142 181

0 -4-10 2 410 337 -2 -8 2 34 10 -4 -6 2 10 23 -? -4 2 177 148

3 -3-10 2 614 562 -1 -4 2 265 187 -3 -6 2 702 801 -6 -4 2 2073 2707

45 -2-10 2 139 163 0 -8 2 961 1084 -2 -6 2 834 893 -5 -4 2 3201 25?5

15 -1-10 2 2 2 I -8 2 251 185 -1 -6 2 29 11 -4 -4 2 2812 2626

2 0-10 2 649 643 2 -8 2 2 2 0 -6 2 1735 1535 -3 -4 2 175 141

90 1-10 2 3 2 3 -8 2 40 41 I -5 2 1230 1342 -2 -4 2 3833 3962

81 2-10 2 16 24 4 -8 2 43 72 2 -5 2 636 654 -1 -4 2 18744 15984

25 3-10 2 771 612 5 -0 2 10 5 3 -5 2 -i 4 0 -4 2 23390 14306

143 4-10 2 54 65 6 -8 2 027 837 4 -$ 2 67 81 1 -4 2 7290 6821

462 5-10 2 -2 ? 7 -0 2 53 76 5 -$ 2 48 74 2 -4 2 5117 5184

528 6-10 2 741 584 8 -4 2 148 136 6 -5 2 1334 1220 3 -4 2 292 318

35 7-10 2 67 06 9 -0 2 67 56 7 -5 2 62 40 4 -4 2 3064 3210

6 8-10 2 35 30 10 -0 2 23? 255 8 -6 2 465 410 5 -4 2 5803 5705

65 9-10 2 147 92 11 -0 2 285 229 8 -6 2 212 225 6 -4 2 1346 1280

52 10-10 2 181 107 12 -8 2 28 26 10 -6 2 35 49 ? -4 2 374 441

26 11-10 2 346 266 13 -0 2 -3 11 11 -8 2 170 133 4 -4 2 364 334

107 12-10 2 90 133 14 -8 2 24 40 12 -6 2 32 47 9 -4 2 2241 2028

2 13-10 2 18 24 15 -0 2 2 2 13 -6 2 2 10 10 -4 2 14 214 14-102 0 . 16-0 2 -3 1 14-6 2 7 , 11-4 2 11. -
117 11-10 2 20 20 17 -8 2 -0 10 15 -6 2 20 ? 12 -4 2 139 146

4? 16-i0 2 7 ]1 18 -0 2 -6 2 16 -6 2 21 59 13-4 2 95 87
0 17-10 2 56 15 -15 -7 2 b 25 17 -6 2 120 0 14 -4 2 ? $

17 -14 -9 2 -9 0 -14 -? 2 12 $ 10 -6 2 10 6 15 -4 2 34 44

11 -13 -8 2 10 27 -13 -7 2 -5 0 -15 -5 2 -7 16 16 -4 2 40 37

1 -12 -9 2 41 45 -12 -7 2 80 114 -14 -5 2 92 63 17 -4 2 22 2

2 -11 -8 2 19 16 -11 -7 2 251 271 -13 -5 2 71 63 18 -4 2 17 5

6 -10 -9 2 0 3 -10 -7 2 223 221 -12 -5 2 10 15 -16 -3 2 46 46

1 -9 -9 2 43 53 -9 -7 2 202 209 -11 -5 2 219 231 -15 -3 2 -6 0

33 -4 -9 2 85 81 -0 -7 2 651 533 -10 -5 2 185 176 -14 -3 2 105 71

0 -7 -9 2 30 21 -7 -7 2 140 223 -9 -5 2 1 1 -13 -3 2 -4 1

21 -6 -9 2 305 304 -6 -7 2 O 12 -$ -5 2 1593 1315 -12 -3 2 -2 1

113-5-82 651 621-5-?2 864 747-7-52 443 535-11-32 13 33
o -4 -9 2 127 120 -4 -7 2 207 224 -6 -5 2 12 10 -10 -3 2 15 3

19 -3 -9 2 _,4 40, -5 -"/ 2 ol 99 -5 -5 2 12o"/ 131o -, -5 2 756 664
139 -2 -9 2 483 495 -2 -7 2 1542 1513 -4 -5 2 3985 3861 -8 -3 2 116 109

30 -1 -3 2 161 1"/8 -1 -7 2 410 451 -3 -5 2 2141 2408 -7 -3 2 2473 2474

94 0 -9 2 186 130 0 -"/ 2 225 334 -2 -5 2 19 23 -5 -3 2 1544 1737

239 1 -9 2 245 250 1 -7 2 22 41 -1 -5 2 1968 2248 -5 -3 2 2409 1910

344 2 -8 2 206 303 2 -7 2 1314 1153 0 -5 2 3391 3642 -4 -3 2 125 93

320 3 -9 2 60 58 3 -? 2 272 371 1 -5 2 720 654 -3 -3 2 59 60

67 4 -9 2 395 435 4 -7 2 217 205 2 -5 2 146 143 -2 -3 2 170 156

59 3 -9 2 734 633 5 -7 2 547 535 3 -3 2 906 1121 -1 -3 2 11101 10155

5 6 -9 2 90 110 6 -7 2 5 4 4 -5 2 1263 1233 i -3 2 6429 6437

,5 7 -9 2 lo2 93 7 -7 2 2 ? 3 -5 2 37 94 2 -3 2 135 147

192 8 -8 2 24? 221 8 -7 2 75 47 6 -5 2 1244 1646 3 -3 2 4607 5310

195 9 -9 2 214 193 9 -7 2 43? 455 7 -3 2 535 473 4 -3 2 111 71

10 -9 2 10 0 10 -7 2 22 27 0 -5 2 80 07 5 -3 2 5 3313 II -9 2 55 51 11 -7 2 17 2 9 -5 2 279 301 6 -3 2 825 946

168 12 -8 2 129 107 12 -7 2 144 132 10 -5 2 473 443 7 -3 2 3990 3484

85 13 -9 2 2 6 13 -7 2 143 103 31 -5 2 18 20 8 -3 2 3495 3090

1 14 -9 2 -1 1 14 -7 2 27 34 12 -5 2 16 4 9 -3 2 50 52

61 15 -9 2 35 13 15 -7 2 0 1 13 -5 2 308 282 10 -3 2 1457 1385

107 16 -9 2 7 6 16 -7 2 48 32 14 -5 2 109 109 11 -3 2 207 162

62 17 -9 2 10 0 17 -7 2 14 24 15 -5 2 2 3 12 -3 2 14 6

16 -14 -8 2 37 13 18 -"/ 2 17 5 16 -5 2 11 21 13 -3 2 32 40

2 -13 -8 2 36 9 -15 -6 2 10 17 17 -S 2 -14 28 14 -3 2 142 135

0 -12 -8 2 -1 9 -14 -6 2 3 6 18 -b 2 -13 0 15 -3 2 14 82 -13-8 2 212 3,2 -13-6 2 40 31.6-4 2 0 2 16-32 ?. 35
4 -10 -8 2 194 209 -12 -5 2 178 139 -15 -4 2 0 24 18 -3 2 02 23

70 -9 -8 2 12 4 -11 -6 2 110 119 -14 -4 2 -3 2 -16 -2 2 25 4

85 -9 0 2 34 33 - 2 2 2 3614 3511 -I 4 2 733 1055 -3 6 2 355 737

28 -8 0 2 072 733 -1 2 2 3167 2875 0 4 2 2613 3205 -2 6 2 31 81

1 -7 0 2 207 382 0 2 2 12103 10453 1 4 2 36 40 -1 6 2 1569 1783

111 "6 0 2 1690 1383 1 2 2 37 7 2 4 2 -1 4 0 6 2 46 18

92 -b 0 2 1074 1242 2 2 2 669 790 3 4 2 137 153 1 6 2 829 "/33

489 -4 0 2 14 27 3 2 2 1343 1510 4 4 2 3134 30"/6 2 6 2 758 873

14 -3 0 2 8551 8380 4 2 2 12326 11255 5 4 2 1029 1018 3 6 2 27 39

580 2 0 2 30 4 3 2 2 1535 1466 6 4 2 90 131 4 6 2 1056 1022

775 3 0 2 840 190 $ 2 2 3140 2952 7 4 2 142 142 5 6 2 262 232

165 4 0 2 102 89 7 2 2 640 582 0 4 2 573 534 6 6 2 100 150

277 5 0 2 419 356 0 2 2 322 276 9 4 2 495 473 7 6 2 50 81

663 6 0 2 348 386 9 2 2 520 477 10 4 2 0 3 0 6 2 410 396

6 7 0 2 46 91 10 2 2 2165 2133 11 4 2 53 63 9 6 2 212 163

54 63 10 6 2 -4 12

-5 2 11 6 2 28 49

48 53 12 6 2 93 105

22 1 13 6 2 13 22

1 1 14 6 2 35 27

6 9 -17 7 2 -3 1

_::_ : 2573 3,43 , _ : 10. 13oi 11 2 2 1,37 1662 12 , :4403 5029 9 353 313 12 2 2 170 156 13 4

2 -2 2 104 70 10 0 2 402 395 13 2 2 5 11 14 4 2

-2 2 156 127 11 0 2 458 444 14 2 2 68 95 15 4 2
-2 2 272 203 12 0 2 6 0 15 2 2 2 I -18 5 2

5 -2 2 144 130 13 0 2 92 99 16 2 2 43 0 -17 5 2
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7 -2 2 215

$ -2 2 980

9 -2 2 302

10 -2 2 594

11 -2 2 132

12 -2 2 215

23 -2 2 91

14 -2 2 41

15 -2 2 -1

18:I I :'
-16

-15 -1 2 -8

-14 -1 2 20

-13 -1 2 203

-12 -1 2 335

711 -1 2 9
-10 -1 2 119

-9 -1 2 668

-8 -1 2 36

-7 -1 2 834

-6 -1 2 SS3

-8 -1 2 13

Table A.3, continued

H K h (]mw Calc H K h Obo Ca1© H R L Obo C81c H g L Obe Calc H K h (:bs Calc

,-2 2 5325 ,407 14 0 2 ,9 55 -1, 3 2 --3 2 -1, , 2 11 , -1, 7 2 -4 2
1,2 1, 0 2 -1 3 -15 3 2 -7 12 -15 , 2 -1 14 -14 7 _ 41 24
,27 1, 0 2 -13 5 -14 3 2 21 2, -14 5 2 1 12 -13 7 2 28 2o
292 -16 1 2 297 326 -13 3 2 23 12 -13 5 2 7 12 -12 ? 2 63 59

563 -15 1 2 80 39 -12 3 2 6'1 712 -12 5 2 24 14 -11 ? 2 26 17

130 -14 1 2 44 31 -11 3 2 444 429 -11 ' 2 167 139 -10 ? 2 51 30

197 -13 1 2 13 24 -10 3 2 347 2|6 -10 ' 2 200 221 -3 ? 2 108 70

132 -12 1 2 283 240 -9 3 2 119 129 -9 5 2 E4 ?6 -8 ? 2 70 42

38 -11 1 2 48 90 -| 3 2 810 ,60 -0 5 2 523 559 -7 ? 2 95 10,

3 -10 1 2 260 2,0 -7 3 2 30 39 -7 , 2 985 664 -6 ? 2 640 890

23 -9 1 2 051 879 -6 3 | 4978 435S -6 ' 2 3'4 394 *5 ? 2 49 48

11 -$ 2 2 10i$ 2102 -5 3 2 233 252 -5 5 2 15 24 -4 7 2 294 241

9 -7 1 2 14 4 -4 3 2 4157 4135 -4 ' 2 1878 1495 -3 ? 2 3403 3468

? -6 1 2 543 150 -3 3 2 3711 S025 -3 5 2 1200 1223 -2 ? 2 1185 980

201 -5 1 2 83 6' -2 3 2 25, 237 -2 5 2 246 287 -1 ? 2 4,7 ,40

340 -4 1 2 0411 ?267 -1 3 2 41i3 3801 -1 5 2 32 30 0 ? 2 2725 2761

£ -3 1 2 32601 24412 0 3 2 1953 2305 0 5 2 2455 2388 1 7 2 54 31

160 -2 1 2 21340 35915 1 3 2 6 1 1 5 2 1197 1152 2 ? 2 209 231

$18 1 1 2 107 217 2 3 2 43? 689 2 5 2 1411 1552 3 ? 2 493 845

65 2 1 2 2319 2091 3 3 2 2 9 3 5 2 550 857 4 ? 2 34 42

6,? 3 1 2 130 9| 4 3 2 34S 34? 4 5 2 0

?40 4 1 2 90 S? S 3 2 1061 1736 5 S 2 99

24 5 1 2 5768 S4S, 4 3 2 1530 1743 4 5 2 6,?

-4-1 2 151! 1544 6 1 2 3 9 7 3 2 12 3 7 S 2 203
-3-1 2 27199 21213 7 1 2 1053 999 O 3 2 74 90 8 5 2 124

2 -1 2 1444 2142 8 1 2 106, 1075 9 3 2 3291 2937 9 5 2 347

19 1930 10 1 2 160 104 11 3 2 538 509 11 S 2 150

, -1 2 2121 2200 11 1 2 3 1 12 3 2 4 15 12 5 2 17

6 -1 2 33 39 12 1 2 98 86 13 3 2 154 1,0 13 5 2 91

? -1 2 346 357 13 1 2 28 19 14 3 2 17 17 14 5 2 3

9 -1 2 49? 463 14 1 2 4 , 15 3 2 26 14 15 5 2 25

9 -1 2 ?0 ?0 15 1 2 25 24 -16 4 2 33 £ -10 e 2 -18

10 -1 2 123 104 1' 1 2 9 16 -15 4 2 13 11 -17 E 2 3

11 -1 2 13 42 -18 2 2 14 0 -14 4 2 51 19 -18 E 2 -5

12 -1 2 102 95 -15 2 2 -9 2 -13 4 2 ?0 58 -15 ' 2 '2

13 -1 2 -4 2 -14 2 2 7? ?7 -12 4 2 43 99 -14 ' 2 4

14 -1 2 134 109 -13 2 2 50 44 -11 4 2 4 3 -13 6 2 2

1, -1 2 -1 23 -12 2 2 5 £ -10 4 2 -4 9 -12 8 2 51

18 -1 2 18 0 -11 2 2 286 229 -9 4 2 492 405 -11 8 2 80

.16 0 2 78 40.10 2 2 195 159 -, 4 2 44 57 .10 , 2 80
-15 0 2 231 274 -9 2 2 149 72 -7 4 2 245 327 -9 4 2 594

-14 0 2 448 426 -6 2 2 1171 941 -6 4 2 450 504 -O E 2 264
-13 0 2 194 190 -7 2 2 318 45? -5 4 2 870 853 -7 ' 2 95

-12 0 2 25 31 -8 2 2 599 '57 -4 4 2 1381 1354 -6 8 2 375

-11 0 2 489 444 -5 2 2 372 343 -3 4 2 2062 2078 -5 6 2 493

921 10 3 2 8406 2303 10 5 2 138

-10 0 2 232

2 8 2 32 3? 10 10 2 21

3 4 2 587 649 11 10 2 '

4 9 2 9 29 12 10 2 21

b 8 2 361 315 -15 11 2 65

8 8 2 242 241 -14 11 2 0

7 9 2 11 3 -13 11 2 ?

8 8 2 22 59 -12 11 2 63

9 8 2 258 189 -11 11 2 18

10 0 2 58 70 -10 11 2 b

11 $ 2 7 8 -9 11 2 6

12 8 2 109 107 -8 11 2 34

13 8 2 82 84 -? 11 2 7
-16 9 2 24 19 -6 11 2 145

-15 9 2 6 14 -5 11 2 183

-14 9 2 5 0 -4 11 2 168

-13 9 2 9 8 -3 11 2 b6

-12 , 2 159 1,3:1111-11 9 2 10 0 11 16

-10 9 2 -3 0 0 11 2 20

-9 9 2 51 49 1 11 2 186

-9 9 2 59 51 2 11 2 167

222 -4 2 2 19309 18403 -2 4 2 340 424 -4 8 2 355

26 -4 13 2 25 30 0 16 2 4

12 -3 13 2 59 45 1 18 2 0

18 -2 13 2 -3 0 2 18 2 2

31 -1 13 2 13 25 3 18 2 19

4 0 13 2 38 39 4 16 8 -8

2 1 13 2 0 0 5 18 2 30

44 2 13 2 132 84 ' 18 2 11

18 3 13 2 125 129 -8 17 2 -18

0 4 13 2 54 85 -7 17 2 -3

: 513 : _ o 417 2 o
8 13 4 53 -5 17 2 4

3 7 13 2 43 2? -4 17 2 1
o143 8 13 2 ' 1 -3 17 2 1

112 9 13 2 -5 37 -2 17 2 13

182 -13 14 2 4 ? -1 17 2 -8

70 -12 14 2 48 9 0 17 2 40

6 -11 14 2 26 1 1 17 2 -1

122 -10 14 2 -10 1 2 17 2 0

12 -9 14 2 42 25 3 17 2 -6

177 -8 14 2 5? 94 4 17 2 38

153 -? 14 2 33 2 -4 19 2 35

13 -6 14 2 0 4 -3 19 2 0

261 -5 14 2 -2 14 -2 18 2 10

371 -4 14 2 32 24 -1 14 2 33

128 -3 14 2 100 95 0-19 3 26

45 -2 14 2 41 81 1-19 3 10

1 -1 14 2 28 24 2-19 3 3

98 0 14 2 19 15 3-19 3 4

6 1 14 2 181 158 4-19 3 18

10 2 14 2 126 128 5-19 3 0

2 3 14 2 5 6 8-19 3 5

0 4 14 2 -4 0 -3-18 3 30

9 5 14 2 25 29 -2-18 3 9

14 6 14 2 5 10 -1-18 3 -5

2 ? 14 2 -4 6 0-14 3 -8

17 4 14 2 8 21 1-18 3 2

29 -12 15 2 -3 2 2-18 3 4

49 -11 15 2 -4 4 3-18 3 13

0 -10 15 2 -e 5 4-18 3 4

102 -9 15 2 2 5 5-18 3 $
8 -4 15 2 4 12 6-18 3 -1

27 -7 15 2 14 9 7-18 3 14

240 -6 15 2 59 40 8-18 3 5

127 -5 15 2 109 109 -6-17 3 37

76 -4 25 2 116 113 -5-17 3 15

02 -3 15 2 84 67 -4-17 3 14

184 -2 15 2 0 6 -3-17 3 12

141 -1 15 2 5 1 -2-17 3 14

9 0 15 2 18 15 -1-17 3 -2

?8 1 15 2 -1 3 0-17 3 2

150 2 15 2 83 94 1-17 3 4

4 3 15 2 2 23 2-17 3 13

24 4 15 2 -2 1 3-17 3 -5

123 ' 15 2 9 4 4-17 3 12

2 8 15 2 26 4 5-17 3 $

3 ? 15 2 3 0 6-17 3 -5

? -10 16 2 0 1 7-17 3 32

-7 9 2 481 419 3112 20

-8 9 2 1322 1188 42 11 179

-5 9 2 141 136 5 11 2 340

-4 9 2 14 0 6 11 2 156

-3 9 2 1500 1431 7 11 2 25

-2 9 2 25 16 8 11 2 5

-1 9 2 34 38 9 11 2 03

0 9 2 237 217 10 11 2 -3

1 9 2 ?7 $0 11 11 2 10

2 9 2 1077 1009 -15 12 2 28

3 9 2 46 33 -14 12 2 10

4 9 2 ?9 58 -13 12 2 0

5 9 2 569 819 -12 12 2 6

6 9 2 ) 3 -11 12 2 18

? 9 2 40 36 -10 12 2 2

8 9 2 139 127 -9 12 2 33

9 9 2 33 18 -8 12 2 108

10 9 2 13 1 -7 12 2 11

11 9 2 44 1_ -6 12 2 144

12 9 2 45 41 -5 12 2 0

-14 10 2 6 6 -4 12 2 39
-14 10 2 24 10 -3 12 2 264

-13 10 2 21 12 -2 12 2 135

-12 10 2 -5 3 -1 12 2 98

-11 10 2 44 28 0 12 2 100

-10 10 2 25 15 I 12 2 166

-9 10 2 81 108 2 12 2 173

-8 10 2 625 486 3 12 2 3

-7 10 2 422 369 4 12 2 114

-8 10 2 226 195 5 12 2 132

-5 10 2 0 5 6 12 2 11

-4 10 2 80 113 7 12 2 32

-3 10 2 356 347 8 12 2 95

-2 10 2 170 159 9 12 2 -7

-1 10 2 3 15 10 12 2 -8

0 10 2 718 623 -14 13 2 26

2 $ ? 2 O? 123

70 6 ? 2 123 108

687 ? ? 2 -2 8

147 4 ? 2 334 2?5

98 _ ? : 15 13844 1 ? 35 34

180 11 ? 2 115 103

153 12 7 2 5 3

5 13 ? 2 35 2

62 -17 8 2 9 4

1 -15 8 2 28 32

-14 i _ 0 10
-13 , 23 2

? -12 O 2 125 14 o
25 -11 9 2 263 235

51 -10 8 2 5 2

1 -9 8 2 58 4?

? -8 8 2 224 211

49 -7 8 2 243 141

91 -8 , 2 69 84
1384 -5 8 2 390 4

534 -4 9 2 475 387

249 -3 ' 2 11 19
116 -2 4 2 1890 1840

348 -1 8 2 253 277

486 0 8 2 480 482

341 1 4 2 97 65

0 -2-18 3 -5 8

8 -1-18 3 12 17

0 0-18 3 -4 1

5 1-16 3 4 0

0 2-16 3 27 14

10 3-16 3 ? 12

1 4-16 3 0 3

2 5-18 3 12 O

5 6-18 3 4 8
2 7-16 3 26 2

1 4-16 3 19 1

4 9-16 3 -7 2

15 10-18 3 0 2

5 11-18 3 -10 0

12-1' 3 31 2-9-15 3 3 8

1 -5-15 3 ? 10

1 -7-15 3 5 e

0 -8-15 3 10 25

0 -5-15 3 42 18

S -4-35 3 -3 4

2 -3-15 3 24 24

0 -2-15 3 29 32

13 -1-15 3 -2 1

0 0-15 3 40 33

1 1-15 3 47 41

0 2-15 3 27 17

0 3-15 3 -1 7

0 4-15 3 46 35

2 5-15 3 43 48

6 6-35 3 14 4

0 7-15 3 39 20

1 4-15 3 42 60

3 9-15 3 '0 29

0 10-15 3 15 1

1 11-15 3 7 0

2 12-15 3 -1 4

O 13-15 3 ? 0

2 -11-14 3 -1 1

12 -10-14 3 9 4

4 -0-14 3 5 3

1 -8-14 3 21 9

0 -7-14 3 30 17

0 -5-14 3 -2 1

0 -5-14 3 -1 0

? -4-14 3 39 40

4 -3-14 3 13 1?

5 -2-14 3 2 9

2 -1-14 3 34 40

? 0-14 3 28 19

10 1-14 3 14 3

4 2-14 3 99 75
1 3-14 3 07 44

11 4-14 3 74 70

1 5-14 3 2 1

5 8-24 3 15 24

15 ?-14 3 35 33
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Table A.3, continued
M K L Ohm Cal© H K L Obe Cal© M K L Obe Cal© H K L Ot)B Calc H K L Obs Calc

..........................110 _ --_ .... 3 -1111 ; :;; .... 0 -92, 2 -3 7 8-1, , -'; -_1 8-14 ; 11 4
210 2 . 23 -1213, 8 14 -6. 2 . 7 ,-17 , 4 10 9-. , 0 0
3 10 2 68 83 -11 13 2 23 34 -7 16 2 13 14 $0-17 3 -13 2 10-14 3 7 14

4 10 2 15 12 -10 13 2 21 28 -I 16 2 3 15 -8-16 3 -9 2 11-14 3 13 2

3 10 2 45 43 -9 13 2 24 22 -S 16 2 2 10 -7-16 3 18 2 12-14 3 1 3

8 10 2 177 233 -8 13 2 -2 2 -4 10 2 3 S -•-10 3 25 S 13-14 3 18 7

7 10 2 27 41 -7 13 2 94 105 -3 10 2 0 3 °5-10 3 21 18 14-14 3 -10 2

8 10 2 •3 $3 -8 13 2 -2 2 -2 10 2 $ 12 -4-16 3 3• 19 -12-13 3 -3 0

5 10 2 24 26 -5 13 2 -4 4 -1 18 2 10 17 -3-10 3 20 2 -11-15 3 -10 0

-10-13 3 2 10 -2-11 3 281 243 0 -9 3 2•5 202 0 -7 3 19 28 -2 -S 3 431 750

-5-13 3 20 19 -1-11 3 14 13 I -3 3 440 379 1 -7 3 1789 1909 -1 -5 3 758 013

-8-13 3 10 O 0-11 3 261 264 2 -5 3 400 408 2 -7 3 45• 3•5 0 -5 3 1112 955

-7-13 3 21 7 1-11 3 153 143 3 -9 3 194 208 $ -7 3 130 103 1 -5 3 20•9 2274

-•-13 3 32 23 2-11 3 259 234 4 -9 3 1209 999 4 -7 3 2 4 2 -5 3 234 2•9

-5-13 3 32 38 3-11 3 34 50 S -9 3 196 101 5 -7 3 -1 1 3 -5 3 22 35

4133 51 49 4.13 2 4 •-93 0 I •-7, • 0 6-43 . 7,
-3-13 3 -3 1 5-11 3 414 336 793 140 131 7 °7 3 -1 4 5 -5 3 333 245

-2-13 3 57 30 •-11 3 14 9 $ -5 3 2 3 • -7 3 7 1 6 -S 3 1200 1372

-1-13 3 51 66 7-11 3 17 14 5 -9 3 100 195 9 -7 3 -1 2 7 -S 3 134 124

0-13 3 0 1 1-11 3 21 24 10 -$ 3 207 200 10 -7 3 314 268 8 -5 3 371 305

1-13 3 2 2 9-11 3 23 34 11 -9 3 20 40 11 -7 3 50 49 9 -S 3 319 241

2-13 3 12 20 I0-11 3 142 142 12 -9 3 5 14 12 -7 3 21 14 10 -5 3 307 2.
3-13 3 15 10 11-11 3 59 87 15-s 3 122 lOO 13-7 3 25 55 12-5 3 • 1
4-13 3 115 97 12-11 3 34 28 14 -9 3 29 45 14 -7 3 14 20 12 -5 3 100 3 1

5-13 3 149 145 13-11 3 3 4 15 -9 3 12 1 10 -7 3 24 11 15 -S 3 09 7•

6-13 3 38 28 14-21 3 24 5 10 -$ 3 7 1 18 -7 3 -7 6 14 -S 3 21 14

7-13 3 20 8 15-11 3 39 10 17 -9 3 -10 11 17 -7 3 56 21 15 -S 3 29 8

e-13 3 50 58 18-11 3 -4 2 -35 -8 3 31 m -i5 -• 3 38 16 14 -5 3 18 0
9-13 3 47 33 17-11 3 -2 5 -14 -• 3 am 0 -14 -8 3 52 83 17 -S 3 36 32

10-13 3 17 8 -14-10 3 34 0 -13 -8 3 25 24 -13 -i 3 -6 2 11 -S 3 2 14

11-13 3 o 8 -15-1o 3 59 50 -12 -5 3 34 54 -12 -_ 3 99 92 -18 -4 3 37 55
12-13 3 -6 1 -12-10 3 27 35 -11 -8 3 52 50 -31 -6 3 13 4 -15 -4 3 16 5

13-13 3 -9 i -]1-1o 3 28 2 -10 -e 3 78 53 -10 -6 3 2 0 -14 -4 3 28 23
14-13 3 -8 3 -]0-10 3 291 287 -8 -3 3 -5 10 -9 -6 3 s 3 -13 -4 3 12 40
15-13 3 0 7 -9-10 3 97 105 -8 -8 3 225 216 -8 -8 3 170 176 -12 -4 3 29 57

-12-12 3 -4 10 -5-10 3 85 81 -7 -8 3 -2 D -7 -• 3 453 391 -11 -4 3 97 117

-11-12 3 7 4 -7-10 3 48 34 -6 -8 3 163 142 -• -6 3 13 8 -lO -4 3 635 585

-10-12 3 47 27 -6-10 3 37 30 -5 -8 3 247 224 -5 -6 3 759 780 -9 -4 3 24 24

-9-12 3 6 11 -5-10 3 316 302 -4 -8 3 20 21 -4 -6 3 611 631 -4 -4 3 179 170

-8-12 3 4 1 -4-10 3 154 182 -3 -9 3 224 116 -3 -• 3 211 205 -7 -4 3 1527 1462

-7-12 3 63 79 -3-10 5 556 463 -2 -6 $ 219 317 -2 -6 3 600 585 -6 -4 3 809 626

-•-12 3 14 5 -2-10 3 326 329 -1 -8 3 258 309 -1 -6 3 212 262 -5 -4 3 108 71

-5-12 3 57 51 -1-10 3 -1 1 0 -0 3 115 135 0 -6 3 7454 6031 -4 -4 3 951 1176

-4-12 3 114 104 0-10 3 243 228 I -• 3 -1 2 1 -8 3 2571 2251 -3 -4 3 2748 2707

-3-12 3 271 237 1-10 5 678 636 2 -0 3 428 755 2 -6 3 347 246 -2 -4 3 62 00

-2-12 3 340 343 2-10 3 251 269 5 -9 3 438 429 3 -6 3 148 77 -1 -4 3 11676 10799

-1-12 3 93 61 3-10 3 31 46 4 -9 3 -1 0 4 -6 3 1398 1148 0 -4 3 18227 10240

0-12 3 39 39 4-10 3 738 623 5 -8 3 568 558 5 -6 3 763 835 1 -4 3 S 8

1-12 3 12 15 5-10 3 195 204 6 -0 3 142 140 6 -6 5 295 210 2 -4 3 150 131

2-12 3 254 200 6-10 3 123 139 7 -8 3 •0 70 7 -6 3 788 928 3 -4 3 1505 1726

3-12 3 39 40 7-10 3 23 29 8 -8 3 426 838 8 -6 3 16 8 4 -4 3 1958 2604

4-22 3 122 82 O-lO 3 205 234 9 -8 3 458 400 9 -6 3 73 S1 5 -4 3 107 234

5-12 3 8 2 9-10 3 212 186 10 -8 3 64 76 10 -6 3 488 470 6 -4 3 497 393

6-12 3 52 62 10-10 3 69 46 11 -9 3 26 31 11 -6 3 1? 2 7 -4 3 3037 3310

7-12 3 265 217 11-10 3 -4 3 12 -8 3 $1 63 12 -S 3 74 43 6 -4 3 18 15

8-12 3 72 112 12-10 3 4 4 13 -0 3 73 82 13 -4 5 389 386 9 -4 3 465 454

9-12 3 -4 1 13-10 3 27 12 14 -8 3 -4 2 14 -6 3 47 55 10 -4 3 423 454

10-12 3 66 34 14-10 3 •1 31 15 -6 3 -10 4 15 -6 3 -4 2 11 -4 3 56 •1

11-12 3 16 21 15-10 3 14 4 16 -4 3 72 95 16 -6 3 62 58 12 -4 3 11 2

12-12 3 15 16 16-10 3 -12 3 17 -8 3 30 14 17 -6 3 45 12 13 -4 3 124 108

13-12 3 10 6 17-10 5 22 0 -15 -7 3 14 1 18 -6 3 4 2 14 -4 3 61 40

14-12 3 -6 1 -14 -9 3 18 8 -14 -7 3 14 7 -16 +5 3 46 29 15 -4 3 33 11

15-123 26 1 -13-, 3 -10 5 -13-7 3 78 101.5 5 3 30 12 16-4 3 , 34
16-12 3 -1 2 -12 -8 3 -6 12 -12 -7 3 1 5 -14 -5 3 5 0 17 -4 3 63 24

-13-11 3 30 2 -11 -9 3 123 122 -11 -7 3 -3 4 -13 -5 3 17 36 18 -4 3 43 15

-12-II 3 17 22 -I0 -9 3 122 122 -I0 -7 3 215 257 -12 -5 3 i05 106 -16 -3 3 21 61

-11-11 5 23 25 -9 -9 3 50 46 -9 -7 3 602 487 -11 -5 3 308 252 -15 -3 3 55 67

-10-11 3 10 12 -8 -9 3 22 28 -8 -7 3 24 70 -10 -5 3 361 189 -14 -3 3 28 32

-9-11 3 23 34 -7 -9 3 430 364 -7 -7 3 112 58 -8 -5 3 493 525 -13 -3 3 60 58

-9-ii 3 52 48 -6 -9 5 9 4 -6 -7 3 ? 15 -8 -5 3 731 655 -12 -3 3 226 192

-7-11 3 39 37 -5 -8 3 . 117 184 -5 -7 3 206 185 -7 -5 3 594 561 -11 -3 3 208 144

-6-11 3 13 20 -4 -9 3 1636 1378 -4 -7 3 505 411 -6 -5 3 926 892 -10 -3 3 I07 91

-5-ii 3 63 53 -3 -9 5 7 28 -3 -7 3 17 27 -5 -5 3 514 65? -9 -3 3 173 172

-4-11 3 795 728 -2 -9 3 82 85 _ -2 -7 3 11 1 -4 -5 3 127 140 -8 -3 3 04 06

411 3 1,2 77 :_:: I 757 762 :_.? 3 161 149 :_-_ _ 723 526 -7-_ _ 52 19-• -3 3 1477 1402 1074 940 1 3 53114 35207 168 109 -1 147 131

-5 -3 3 357 647 -5 -1 3 24 17 -1 1 5 4718 4982 -1 3 3 431 894 0 5 3 166 115

-4 -3 3 295 292 -4 -1 3 1957 2385 0 1 3 552 055 0 3 3 409 370 1 5 3 2972 3492

-3 -3 3 835 1044 -3 -1 3 359 383 1 1 3 1299 1305 1 3 3 2454 2471 2 5 3 9 3

-2 -3 3 116 122 -2 -1 5 240 263 2 1 5 2286 2194 2 3 3 586 642 3 5 3 146

-1 -3 3 4395 4840 -1 -1 3 377 326 3 1 3 42 59 5 3 3 1282 1271 4 5 5 352

0 -3 3 5713 5952 2 -I 3 3198 3251 4 I 3 2277 2248 4 3 3 8533 7514 5 5 3 •45

1 -3 3 10829 9916 3 -I 3 449 615 5 1 5 64 95 5 3 5 15 35 6 5 3 547

2 -3 3 8098 7331 4 -1 3 288 262 6 1 3 115 193 6 3 3 483 530 7 5 3 49

3 -3 3 770 894 5 -1 3 2203 2116 7 1 3 2235 2105 7 3 5 1987 1876 8 5 3 548

4 -3 3 920 1100 6 -1 3 1330 1451 • 1 3 72 18 • 3 3 410

5 -3 3 2907 3077 7 -1 3 416 605 9 1 3 111 130 9 3 3 731

6 -3 3 4_3 535 8 -I 3 374 356 10 1 3 2157 1966 10 3 5 27

7 -3 3 372 469 9 -1 3 66 67 11 1 3 456 399 11 3 3 21

8 -3. 3 431 421 10 -1 3 339 376 12 1 3 77 100 12 3 3 22

9 -3 3 407 366 11 -1 3 449 411 13 1 3 163 140 15 5 3 57

10 -3 3 90 ?3 12 -1 3 90 50 14 1 3 78 109 14 3 3 8

11 -3 3 8 5 13 -I 3 127 159 15 1 3 6 1 15 3 3 32

12 -3 3 157 154 14 -I 3 2 0 16 I 3 -4 6 -16 4 3 6

13 -3 3 155

14 -3 3 21

15 -3 3 36

17 -3 3 -5

18 -3 3 +11

-16 -2 3 79

-15 -2 3 16

-14 -2 3 10

-13 -2 3 -6

-12 -2 3 18

164 15:_ : -6 0-16 2 316 lO 32 -13 2 3

18 -16 0 3 270 258 -14 2 3

0 -15 0 3 95 121 -13 2 3

206

380

647

455

24

514

971 953 169 168
676 105 3 10 21

6 11 5 3 274 231

3 12 5 3 83 72

20 13 5 3 6 i

46 14 5 3 29 4

20 15 5 3 37 36

I -17 • 3 I0 3

3 -16 6 3 14 0

4 i -15 4 3 33 29 -15 6 3 88 57

7 3 -14 4 3 3 24 -14 6 3 167 149

6 2 -13 4 3 -7 1 -13 • 3 208 198

3 6 -12 4 3 -5 4 -12 • 3 105 121

g -14 0 3 102 87 -12 2 3 96 99 -11 4 3 165 173 -11 • 3 144 127

58 -13 0 3 61 71 -11 2 3 73 62 -10 4 3 10 1 -10 6 3 114 118

21 -12 0 3 192 198 -10 2 3 23 13 -9 4 3 4 6 -9 6 3 1 2

2 -11 0 3 132 108 -9 2 3 35 54 -8 4 3 517 509 -8 6 3 62 99

12 -10 0 3 155 142 -8 2 3 1177 10?5 -? 4 3 154 169 -7 6 3 053 800

10 -9 0 3 195 244 -7 2 3 2 7 -6 4 5 1227 1115 -6 6 3 106 129
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Table A.3, continued
H R h _ Calc H g L _ CmlC H g L _ Calc H K L Obs C.mIc H X L Obe Calc
..................................................

11 2 3 61 66 8 0 3 523 472 6 2 3 14 16 -b 4 3 00 124 5 0 3 364 339

10 2 3 109 287 ? 0 3 851 004 S 2 3 3210 5171 -4 4 3 1984 2220 4 S 3 1369 1651

2 3 2 : : _ I 20 125 : I I 2763 2 :: 3 5 040 3 I "
0 2 3 66 ? 041 1090 15041 12096 4 3 41 27 2 6 334 433

7 2 3 2011 1020 4 0 3 1107 1201 2 2 3 0643 4304 -1 4 3 2960 3337 1 6 3 3811 3773

-6 2 3 6 ? 3 0 3 1524 1457 1 3 3 1150 049 0 4 3 14

3 2 3 04 35 2 0 3 1740 1500 0 2 3 34 79 1 4 3 0

4 2 3 12 20 1 0 3 5764 3105 1 2 3 2400 2377 2 4 3 4

-3 -2 3 34 33 1 0 3 9335 0246 2 Z 3 1160 223'1 3 4 3 0 5

2 2 3 3739 5607 2 0 3 2123 2056 3 2 3 1002 1468 4 4 3 700

1 2 3 003 681 3 0 3 339 249 4 2 3 2644 1712 5 4 3 14

0 2 3 2312 2318 4 0 3 180 130 S 2 3 6001 3464 6 4 3 530

1 2 3 304 2?0 S 0 3 3420 3282 6 2 3 ?40 013 ? 4 3 691

2 -2 3 5641 5150 6 0 3 10

3 2 3 116 141 ? 0 3 20

4 -2 3 724 021 0 0 3 910

5 -2 3 194 102 9 0 3 546

6 2 3 90 153 10 0 3 ?54

? 2 3 703 915 11 0 3 110

8 2 3 700 73.1 12 0 3 175

9 2 3 2 10 13 0 3 3

10 2 3 318 134 14 0 3 55

11 2 3 14 11 15 0 3 14

12 2 3 0 1 15 0 3 11

13 2 3 21 45 14 2 3 32

14 2 3 90 03 15 1 3 3

15 2 3 74 45 -14 1 3 30

14 1 3 165 162 13 1 3 95

15 1 3 09 112 12 1 3 32

14 1 3 94 100 11 1 3 301

13 1 3 11 2 10 1 3 1146

12 1 3 91 09 9 1 3 2.1

11 ? 2 3 103 163 0 4 3 12

23 8 2 3 1015 932 3 4 3 24

042 9 2 3 1735 1580 10 4 3 312

544 10 2 3 ?42 770 11 4 3 1

720 21 2 3 43 40 12 4 3 11

112 12 2 3 -4 23 13 4 3 102

153 13 2 3 113 114 14 4 3 1

3 14 2 3 -7 11 15 4 3 0

3. 1522 : 56 0-1753 16
31 10 2 24 15 S 3 29
10 10 3 3 33 0 15 5 3 7

26 15 3 3 4 0 -24 3 3 -0

3 -14 3 3 24 33 -13 3 3 85

22 13 3 3 96 70 12 S 3 216

09 12 3 3 72 125 11 5 3 345

24 11 3 3 40 ?0 10 5 3 200

306 10 3 3 430 320 0 5 3 332

943 -8 3 3 26 20 -I 5 3 53

4 8 3 3 50 31 -7 5 3 215

11 1 3 189

10 1 3 354

9 1 3 70

0 1 3 230

7 1 3 165

36 0 4 3 1643 1065

1 1 6 3 4480 4234

11 2 6 3 27 5

70 3 6 3 34 23

575 4 6 3 6.15 ?65

25 3 4 3 55 66
592 6 S 3 45 51

313 ? 6 3 614 542

2

291 20 4 3 436 355

1 11 i 3 3 2

12 12 $ 3 4 6

108 13 6 3 57 61

1 14 t 3 90 67

3 -27 ? 3 56 3

3 -15 7 3 49 49

29 -14 7 3 60 34

2 13 7 3 14 1
22 -12 7 3 142 14

59 11 ? 3 77 94

205 -10 7 3 18 22

39.1 9 7 3 56 65

238 _ 7 1 301 302383 - ? 101 137

] 7 3 31

2 7 3 ?73

3 ? 3 709

4 ? 3 7

5 ? 3 85"/

4 ? 3 223

? '1 3 0

8 7 3 232

9 ? 3 102

10 7 3 51

11 ? 3 26

12 ? 3 147

13 ? 3 144

14 ? 3 10

17 9 3 10

16 0 3 $0

15 $ 3 5

14 8 3 20

13 8 3 24

12 8 3 11

11 9 3 0

10 8 3 32

9 $ 3 4

11 5 9 3 68

044 6 9 3 99

457 ? 9 9 212

1 0 9 3 30

927 9 9 3 50

167 10 9 3 172

0 11 9 3 30

275 12 3 3 3

95 16 10 3 16

63 15 10 3 10

12 14 10 3 0

151 13 10 3 41

149 12 10 3 95

16 11 10 3 31

17 10 10 3 18

12 9 10 3 -4

2 9 10 3 1

6 ? 10 3 07

3? 6 10 3 410

16 5 10 3 309

6 4 10 3 41

5 3 10 3 98

1 2 10 3 260

-.._ . 1o2 -glO_ ?0? 8 607 533 10 15

6 $ 3 36? 344 1 10 3 521

5 9 3 445 481 2 10 3 353

-4 6 3 149 236 3 10 3 114

-3 8 3 410 304 4 10 3 400

2 6 3 636 674 5 10 3 618

1 $ 3 130 131 6 10 3 105

0 8 3 190 176 ? 10 3 1

1 8 3 1604 1419 0 10 3 30

2 8 3 4 1 9 10 3 170

3 8 3 73 126 10 10 3 10

4 6 3 264 293 11 10 3 -8

5 9 3 6? 60 15 11 3 14 2 3 13 3 41

6 8 3 165 105 13 11 3 36 3 4 13 3 '11

? 8 3 35 38 12 11 3 3 0 5 13 3 68

8 8 3 31 31 -11 11 3 25 24 S 13 3 4

9 8 3 99 98 10 11 3 43 31 ? 13 3 46

10 0 3 110 99 -9 11 3 38 29 8 13 3 15

11 8 3 105 90 e 11 3 184 158 13 14 3 15

12 O 3 47 73 7 11 3 130 06 -12 14 3 14

13 O 3 0 0 -6 11 3 90 91 11 14 3 4

016 9 3 12 2 -5 11 3 2 3 10 14 3

15 9 3 32 18 -4 11 3 168 162 9 14 3 7

10 8 3 11 3 107 122 8 14 3 4014 9 3

13 9 3 -5 4 2 11 3 14 8 -7 14 3 11

12 9 3 17 24 1 11 3 98 92 -6 14 3 44 50 -318 4

11 9 3 47 41 0 11 3 148 162 5 14 3 150 152 219 4

10 9 3 4 1 1 11 3 23? 206 4 14 3 203 195 116 4

-9 9 3 113 85 2 11 3 19 28 3 14 3 99 103 018 4
9 9 3 317 311 3 11 3 61 30 2 14 3 3 0 118 4

'1 9 3 161 152 4 11 3 96 82 1 14 3 20 20 216 4

6 9 3 13 3 5 11 3 3 2 0 14 3 24 9 318 4

-5 9 3 119 116 6 11 3 40 33 1 14 3 6 10 4-18 4

-4 9 3 254 256 ? 11 3 108 123 2 14 3 05 106 5-18 4

3 9 3 13 13 0 11 3 39 61 3 14 3 19 4 610 4

2 9 3 10 3 9 11 3 0 3 4 24 3 1.1 17 718 4

1 9 3 143 152 10 11 3 30 50 5 14 3 12 0 818 4

0 9 3 391 412 14 12 3 ? 14 6 14 3 34 30 517 4

1 9 3 16 24 13 12 3 0 1 ? 14 3 10 11 -417 4

2 9 3 430 439 12 12 3 3 9 11 15 3 26 1 31? 4

3 9 3 ?3 71 -11 12 3 28 20 -10 15 3 23 2 -2-17 4

4 9 3 11 16 -10 12 3 ? 1 -9 15 3 35 11 -1-17 4

114 4 53 69 11-12 4 17 11 16-10 4 2] 4 15 '1 4

2 2 13 3 130 11'1 6 16 3 55

33 1 13 3 23 1'1 7 17 3 10

151 0 13 3 13 11 6 17 3 14

3 ._ 19: :_ 17 ?2 _11 _ -?17 _13

40 3 17 3 25

00 2 1.1 3 2

47 -1 17 3 -3

2 0 17 3 16

24 1 1'1 3 15

0 2 17 3 -12

4 3 17 3 0

3 1-19 4 17

7 2-19 4 _1

4 319 4 -?

0 419 4 14

34 5-19 4 2

0 619 4 -?

2

11

1

6

4

13

10

0

9

4

?

7

0

13

5

5

5

4

96 9 12 3 1

99 0 12 3 130

203 -? 12 3 202

66 -6 12 3 50

41 3 12 3 '16

104 -4 12 3 117

11 3 12 3 13

0 2 12 3 43

12 1 12 3 70

? 0 )2 3 14

0 1 12 3 269

3'1 2 12 3 544

90 3 12 3 35

31 _12 _ ,18 12 55

1 6 12 3 60

1 ? 12 3 -6

01 8 12 3 14

342 9 12 3 46

29? 14 13 3 6

0 13 13 3 2.1

103 12 13 3 19

261 -)1 )3 3 0

?3 10 13 3 24

12 -9 13 3 71

459 -e 13 3 61

309 -7 13 3 49

76 -6 13 3 45

403 _ 13 3 40

533 4 13 3 1

137 -3 13 3 49

1 6 15 3 13

102 ? 15 3 100

114 6 15 3 56

50 -5 15 3 ?S

68 4 15 3 1

95 -3 15 3 35

26 -2 15 3 99

37 -1 15 3 22

66 0 15 3 13

11 1 15 3 16

218 2 15 3 15

465 3 15 3 -0

30 4 15 3 -4

12 5 15 3 9

62 6 15 3 3?

66 10 16 3 10

14 9 16 3 11

43 8 16 3 24

?3 -? 16 3 69

0 -6 16 3 3?

9 -5 16 3 -2

4 -4 16 3 26

0 -3 16 3 -9

17 2 14 3 6

63 -1 16 3 13

66 0 14 3 10

31 1 16 3 ?

2? 2 16 3 11

13 3 16 3 3

0 4 16 3 33

50 5 16 3 19

1 017 4 18 1

99 117 4 14 3

03 2 17 4 2? 17

70 317 4 26 0

1 4 17 4 25 1

9 5-17 4 ? 0

?6 617 4 41 ?

2? 7-17 4 43 1
02 9 17 4 15 1

13 9-1'1 4 -4 14

18 10-17 4 3 3
03 11-1.1 4 24

2 ? 16 4 19 1

13 -6-16 4 8 16

5 516 4 19 10

1 -4-16 4 ? 13

0 3-14 4 13 1

039 216 4 -4

35 1 14 4 -5 1

18 0 16 4 24 18

5 116 4 14 26

2 2-16 4 19 3

9 3 16 4 21 20

11 416 4 41 36

4 S 16 4 30 26

6 6-16 4 6 1

0 7-16 4 8 6

2 8-16 4 62 12

0 9-16 4 35 9

11 10-16 4 -4 0

5 11-14 4 2 4

32 12-16 4 2 0

2 -9-13 4 15 0

4 815 4 18 28

0 ? 1S 4 19 23

4 -6-15 4 -9 13

4 -5-15 4 8 0

3 -4-15 4 -7 0

? -3-15 4 4 4

8 2 15 4 3 3

0 -1-15 4 9 i

0 0-15 4 16 12

6 1-15 4 10 4

1 2 15 4 36 34

0 3-15 4 ?5 76

1 4-15 4 13 5

6 515 4 1 1

5 6-15 4 49 47

1 ?-13 4 6 11

7 0-15 4 ? 9

0 9-15 4 -6 0

2 10-15 4 16 3

8 11-15 4 ? 0

3 12-15 4 10 2

1 13 15 4 13 2

5 -10-145 14 : 3: 2°
0 014 4 27 11

6 -7-14 4 16 2

? -6-14 4 -3 12

3 514 4 24 8

6 414 4 21 24

4 3 14 4 39 3?

4 -2-14 4 36 32

4 114 4 2 1

3 0-14 4 40 40

10 -16 -5 4 -5 4

39 6 7 3 21 10

167 5 ? 3 412 340

205 O 1 3 599 600 ? 3 3 9?4 08? -6 5 3 916 1098 4 7 3 302 355
314 7 1 3 2223 194'1 6 3 3 5403 4972 5 5 3 24 31 3 7 3 224 163

71 6 1 3 392 403 5 3 3 412 419 4 5 3 45 20 2 7 3 4611 4391

341 5 1 3 300 317 4 3 3 2?6 334 3 5 3 559 692 1 ? 3 2117 1697

100 4 1 3 16532 14634 3 3 3 2524 2676 2 5 3 3807 35'15 0 7 3 3143 2900
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Table A.3, continued
H K L _ CaXc H K h Obe CIIc

2-14 4 16 12 12-12 4 69

3-14 4 13 2 13-12 4 19

4-14 4 30 50 14-12 4 34

5-14 4 191 167 16-12 4 -6

6-14 4 79 ?6 16-12 4 2

?-14 4 0 1 -13-11 4 22

0-14 4 t 6 -12-11 4 ?

9-14 4 | 10 -11-11 4 0

10-14 4 22 0 -10-11 4 83

11-14 4 -3 3 -0-11 4 97

12-14 4 25 2 -8-11 4 $

13-14 4 -1S 2 -7-11 4 ?4

H R L Obl Calc

39 -14 -9 4 -9 0 -14 -7 4 1

14 -13 -9 4 20 23 -13 -7 4 -2

0 -12 -9 4 |3 09 -12 -7 4 49

4 -31 -9 4 30 26 -11 -7 4 -4

0 -10 -0 4 13 4 -10 -7 4 96

5 -9 -9 4 11 23 -9 -7 4 $5

24 -4 -0 4 107 7| -| -7 4 ?7

12 -7 -0 4 22 IS -7 -7 4 ?

109 -6 -9 4 979 353 -6 -7 4 32

00 -3 -0 4 317 341 -3 -7 4 103

11 -4 -9 4 22 23 -4 -7 4 194

11:31-1 : 3:_ ,o5 ,
50 0 -0 4 33?

103 1 -t 4 575

136 2 -9 4 20?

10? 3 -9 4 -1

213 4 -0 4 354

?9 S -0 4 4?9

2 6 -0 4 192

50 ? -0 4 69

204 I -9 4 326

109 0 -0 4 917

46 10 -9 4 100

24 11 -9 4 -1

153 12 -9 4 34

13 - 414 34 2_
14 15 -9 4 3?

4 16 -9 4 60

0 17 -9 4 41

6 -15 -9 4 10

1 -14 -0 4 46

1 -13 -9 4 29

9 -12 -0 4 33

3 -11 -0 4 0

? -10 -9 4 20?

. -934 :32 -I 4 18

54 -? -9 4 173

218 -6 -O 4 24?

12I -5 -I 4 626

H K L _ c91¢ H K L (_I Clio

3 -15 -5 4 6£ 4!

-14 -5 4 57 66
4 -13 -S 4 10 ?

3 -12 -5 4 229 163

81 -11 -5 4 196 183

71 -10 -5 4 453 419

93 -9 -5 4 32 2?

1 -I -5 4 699 661

52 -7 -5 4 601 042

153 -5 -5 4 56 49

179 -5 -b 4 1030 1062

1 -4 -S 4 1829 1711

9£ -3 -5 4 19£ 21214-14 4 10 1 -6-11 4 121

-12-19 4 -9 0 -5-11 4 -4

-11-13 4 24 11 -4-11 4 23

-10-13 4 11 1 -3-11 4 954

-9-13 4 7 1 -2-11 4 139

-0-13 4 23 20 -1-11 4 103

-7-13 4 14 6 0-11 4 211

-6-13 4 34 28 1-11 4 72

-5-13 4 9 3 2-11 4 2

-4-13 4 112 100 3-11 4 79

-3-13 4 249 23? 4-11 4 149

-2-13 4 -1 I 5-11 4 137

-1-33 4 2

0-13 4 171

1-13 4 -2

2-13 4 1

3-13 4 46

4-13 4 41

5-13 4 11

6-13 4 ?9

?-13 4 14

0-13 4 -3

9-13 4 31

10-13 4 24

11-13 4 32

12-13 4 -6

13-13 4 -1

14-13 4 12

15-13 4 -2

-13-12 4 10

-12-12 4 15

-11-12 4 11

-10-12 4 16

-9-12 4 45

-9-12 4 56

-7-12 4 6

-6-12 4 62

-5-22 4 131

-4-12 4 77

-3-12 4 34

-2-12 4 13

-1-12 4 9

0-12 4 9

1-12 4 34

2-12 4 1

3-12 4 1

4-12 4 279

5-12 4 311

6-12 4 6

?-12 4 19

8-12 4 45

9-12 4 9?

10-12 4 10

16 -4 4 32

17 -4 4 7

-16 -3 4 ?

-15 -3 4 62

-14-39 ,4
-13 -3 4 9

-12 -3 4 62

-11 -3 4 161

-10 -3 4 5

-9 -3 4 -3

4 6-11 4 49

162 7-11 4 26

0 0-11 4 194

13 9-11 4 |

45 10-11 4 30

36 11-11 4 30

? 12-11 4 21

64 13-11 4 -5

5 14-11 4 -9

1 15-11 4 26

13 16-11 4 6

35 -14-10 4 4

13 -13-10 4 2 3

0 -12-10 4 14

4 -11-10 4 63

6 -10-10 4 19

0 -9-10 4 63

1 -8-10 4 281

15 -?-10 4 125

-6-10 4 1301 -5-10 4 263

4? -4-10 4 699

45 -3-10 4 ?19

2 -2-10 4 55

57 -1-10 4 16

142 0-10 4 294

65 1-10 4 79

44 2-10 4 42

15 3-10 4 303

4 4-10 4 -1

19 5-10 4 101

46 £-10 4 47

5 7-10 4 -3

2 6-10 4 13

292 9-10 4 136

265 10-10 4 42

23 11-10 4 19

45 12-10 4 30

52 13-10 4 3?

93 14-10 4 24

2 15-10 4 25

O 14 -2 4 14

1 15 -2 4 34

1 -16 -1 4 -10

56 -15 -1 4 10

91 -19-1 _ 5
-13 -1 24

63 -12 -1 4 190

190 -11 -1 4 113

10 -10 -1 4 299

6 -9 -1 4 06£

-8 -3 4 1123 1024 -0 -1 4 145

-7 -3 4 1710 1542 -? -1 4 118

-6 -3 4 253 434 -£ -1 4 323

-5 -3 4 565 664 -5 -1 4 950

-4 -3 4 3959 3400 -4 -1 4 412

-3 -3 4 2?46 3235 -3 -1 4 253

-2 -3 4 7 6 -2 -1 4 249

112 -1 -7 4 1434 1463 -2 -5 4 105 146

261 o-, . o231 ,243 -_:I' 40,2 4932S77 I -7 4 14 4 1625 2143

201 2 -7 4 20 37 1 -S 4 2394 2404

1 3 -7 4 20 26 2 -5 4 1020 1770

354 4 -7 4 284 279 3 -5 4 1383 1404

452 6 -? 4 1326 1298 4 -3 4 6 I

179 ,-7 4 10?0 092 3-3 4 31 20

53 7-? 4 2 22 6-3 4 915 1017

338 2 -? 4 137 137 ? -5 4 -2 3

761 9 -7 4 1157 1124 9 -S 4 71 101

104 10 -7 4 96 53 0 -5 4 597 SI0

1 11 -7 4 30 26 10 -5 4 4£ 65

15 12 -7 4 46 79 11 -S 4 37 64

? 13 -7 4 116 131 12 -6 4 2 10

5 14 -? 4 0 6 13 -5 4 116 111

? 15 -7 4 -£ 15 14 -6 4 15 9

34 16 -7 4 03 53 15 -5 4 45 23

1 17 -7 4 -11 3 16 -5 4 24 20

1 -15 -6 4 22 9 17 -S 4 30 17

25 -14 -6 4 65 31 -16 -4 4 90 I?

44 -13 -6 4 11 22 -15 -4 4 26 42

20 -12 -6 4 -3 0 -14 -4 4 0 ?

1 -11 -6 4 14 21 -13 -4 4 40 26

170 -10 -6 4 56 65 -12 -4 4 399 351

0 -9 -6 4 457 394 -11 -4 4 ?3 89

695 -e -6 4 30 10 -10 -4 4 46 36

199 -7 -6 4 3 4 -9 -4 4 1372 1259

193 -6 -6 4 1090 1049 -9 -4 4 127 134

519 -9 -6 4 24 4? -? -9 4 489 391

109 -4 -: 4 251 271 -4 -6 4 1372 1479 -6 -4 4 1654 1694233 -3- 4 1393 1301 -3 -6 4 194 256 -5 -4 4 451 425

?28 -2 -0 4 90 94 _: -_ 4 60 50 -4 -4 4 1210 1250694 -_::: 23 19 - , 734 962 -3-4: 659 774
99 1065 1165 0 -6 4 1992 2144 -2 -4 1331 1435

11 I -I 4 714

273 2 -0 4 90

60 ) -9 4 643

44 4 -0 4 655

2?3 5 -5 4 212

O 6 -e 4 259

116 ? -0 4 169

29 9 -I 4 313

5 9 -I 4 45

14 10 -9 4 125

140 11 -9 4 26

51 22 -9 4 5

9 13 -9 4 164

29 14 -I 4 62

34 15 -0 4 10

9 16 -8 4 12

0 17 -9 4 ?5

0 -16 4 -10

48 -15 4 63

9 -14 4 37

1 -13 4 6

16 -12 4 37
? -21 4 34

217 -10 4 0

111 -9 4 600

2?3 -9 4 449

722 -?

141 -6

100 -5

180 -4

716 -3

471 -2

299 -1

348 0

?06 1 -6 4 925 I99 -1 -4 4 265 294

85 2 -6 4 236 101 0 -4 4 15051 14009

564 3 -6 4 1193 1242 1 -4 4 358 293

744 4 -6 4 111 99 2 -4 4 3694 3710

199 5 -6 4 460 4?5 3 -4 4 696 643

269 6 -6 4 23 37 4 -4 4 1054 1102

165 ? -6 4 70 59 5 -4 4 1691 1004

304 0 -6 4 371 321 £ -4 4 1523 1426

41 9 -6 4 168 167 ? -4 4 302 297

110 10 -6 4 511 512 0 -4 4 926 956

11 11 -6 4 19 22 9 -4 4 -2 1

6 12 -6 4 23 22 10 -4 4 10 0

166 13 -6 4 -4 2 11 -4 4 152 175

56 14 -6 4 -4 6 12 -4 4 71 ?4

2 15 -6 4 1 4 13 -4 4 91 82

13 16 -6 4 -31 O 14 -4 4 26 23

41 17 -6 4 54 43 15 -4 4 4 20

3 -14 3 4 14 21 -12 5 4 14 3

47 -13 3 4 5 7 -11 5 4 293 2?2

16 -12 3 4 10 3 -10 5 4 22 35

4 -11 3 4 19 46 -9 5 4 -3 0

39 -_: , , 2o9 213 :_ _ _ 359 332
20 3 4 719 690 991 890

21 -6 3 4 70 83 -6 5 4 54 112

412 -7 3 4 298 269 -5 S 4 622 ?62

509 -6 3 4 1992 1932 -4 5 4 4190 3?53

4 344 312 -5 3 4 1000 1041 -3 5 4 910 1393

4 3017 2937 -4 3 4 3263 298? -2 5 4 4087 3666

9 1595 1499 -3 3 4 507 526 -1 5 4 1003 1196

4 24? 292 -2 3 4 643 49? 0 5 4 6?6 592

9 1952 2221 -1 3 4 350 340 1 3 9 12 0

4 1365 1170 0 3 4 25 2) 2 5 4 26 30

4 179 119 ) 3 4 3??9 3722 3 5 4 1147 1519

4 22 9 2 3 4 672 1301 4 5 4 403 367

-1 -3 4 3001 2641 -1 -1 4 3035 3111 1

0 -3 4 11 9 0 -1 4 10607 10047 2

1 -3 4 4508 4414 1 -1 4 190 155 3

2 -3 4 41 35 2 -1 4 91 94 4

3 -3 4 3621 4203 3 -1 4 592 693 5

4 -3 4 116 93 4 -1 4 9268 8311 6

5 -3 4 331 473 5 -1 4 10858 9994 ?

£ -3 4 1110 1463 6 -1 4 409 341 9

7 -3 4 934 6?0 ? -I 4 10 4 9

8 -3 4 1368 1394 I -1 4 603 634 10

9 -3 4 611 613 9 -1 4 79 69 11

10 -3 4 132 205 10 -1 4 15 12 12

11 -3 4 124 122 31 -1 4 028 796 13

12 -3 4 -5 6 12 -1 4 42 69 14

13 -3 4 45 59 13 -1 4 15 5 15

14 -3 4 45 43 14 -1 4 120 112 -16

15 -3 4 21 4 15 -1 4 21 40 -15

16 -3 4 13 I -16 0 4 1 3 -14

17 -3 4 19 15 -15 0 4 34 6 -13

-16 -2 4 105 69 -14 0 4 22 24 -12

-15 -2 4 56 37 -13 0 4 62 ?2 -11

-24 -2 4 ? 0 -12 0 4 170 174 -10

4 3 11 9 3 4 12 6 5 5 4 16 24

4 276 325 4 3 4 2536 2556 6 5 4 1430 1403

4 143 123 5 3 4 430 301 7 5 4 423 453

4 7210 6791 6 3 4 122 9? O 5 9 151 104

9 927 909 ? 3 4 232 222 9 5 4 137 • 93

9 530 _89 9 3 4 214 229 10 5 4 103 161

4 294 263 9 3 4 179 131 11 5 4 50 50

4 335 323 10 3 4 45 45 12 5 4 104 73

4 05 90 11 3 4 42 34 13 5 4 69 66

4 2 9 12 3 4 136 115 14 5 4 125 149

4 201 170 13 3 4 12 16 -17 6 4 11 0

4 139 130 14 3 4 4 11 -16 6 4 -7 15

4 1 6 15 3 4 34 2 -15 6 4 51 36

4 61 49 -16 4 4 -6 5 -14 6 4 25 42

4 20 3 -15 4 4 2 1 -13 6 4 4 15

4 24 24 -14 4 4 41 52 -12 6 4 143 160

4 9 5 -13 4 4 93 50 -11 6 4 0 0

4 41 33 -12 4 4 36 99 -10 6 4 12 14

4 6 2 -11 4 4 6 12 -9 6 4 344 2?6

4 19 23 -10 4 4 201 190 -9 6 4 1 6

4 317 220 -9 4 4 2?2 229 -? 6 9 119 114

4 343 333 -6 4 4 11 1 -6 6 4 757 66£
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Table A.3, continued
H I L 0low ¢41c H X L 0k_ ¢.J1© N X b Gb8 Cal_ H K L Gig Ca1© H g L _ C41C
...........................................-13-; 4 . 7_ -:_ _ 4 ,,1 413 -; ; ; 149 119 -7 4 ; ,:, .0 -9 , 4 23, 300

-12-= 4 .o =0o-10 0 4 ., .3 -0 2 4 ,99 ,,, -. , , .07 ,020 -4 , , , 2o-11-: 4 ,, . -9 o 4 , 3 -? 2 4 .4 .9 -, 4 4 ,,1 4oo -3 t , 1992 14Ol
-10 -2 4 6 0 -4 0 4 943 052 -6 2 4 779 630 -4 4 4 gl3 •93 -2 • 4 2519 2330

-9 -2 4 1144 1022 -7 0 4 199 107 -S 2 4 99 129 -3 4 4 9370 5139 -1 8 4 1321 1255

-• -2 4 2444 2320 -0 • 4 3708 31?1 -4 2 4 1417 1904 -2 4 4 4729 4004 0 g 4 10 12
-? -2 4 1193 1270 -9 0 4 43 $7 -3 2 4 2•14 2920 -1 4 4 30 40 1 0 4 160 194
-6 -2 4 110 77 -4 0 4 1034 1709 -2 2 4 2S7 201 0 4 4 47 114 2 6 4 1002 1106

-9 -2 4 122 199 -3 0 4 7703 7174 -1 2 4 313 304 1 4 4 939 959 3 | 4 4
-4 -2 4 13• 100 -2 0 4 973 ?94 0 2 8 402 420 2 4 4 3?0 413 4 0 4 -2

-3 -2 4 12 14 -1 0 8 3017 2900 1 2 4 1252 1934 2 4 4 S•0 074 ,5 • 4 ?04
-2 -2 4 990 •83 0 0 4 •07 1082 2 2 4 3 1 4 4 4 1107 1044 $ • 4 14

-2 -2 4 4157 427• 1 0 4 )22 171 3 2 4 930 •16 $ 4 4 7?$ 322 7 • 4 4`5
0 -2 4 1114 1593 2 0 4 649 $64 4 2 4 319 3?2 6 4 4 1139 0?0 9 6 4 91

1 -1 4 44$4 $30| 3 0 4 1•09 21•• 9 2 4 11 13 ? 4 4 910 D09 • • 4 122
2 -2 4 7292 •920 4 0 4 3377 3003 0 2 4 $41 97• $ 4 4 1990 1404 10 • 4 7

3 *2 4 1194 1334 9 0 4 351 431 ? 2 4 •22 ?03 S 4 4 83 69 11 6 4 20
4 -2 4 1110 1040 • 0 4 633

S -2 4 4400 4137 ? 0 4 14
4 -2 4 3533 3292 3 0 4 113
? -2 4 -3 0 9 0 4 410

0 -2 4 393 340 10 0 4 $40

0 -2 4 1230 12•4 11 0 4 273
10 -2 4 1027 910 12 0 4 1S 14 14 2 4 -4

11 -2 4 41 41 13 O 4 220 151 15 2 4 ,5
12 -2 4 110 192 14 O 4 84 03 -16 3 4 2
13 -2 4 4`5 31 19 0 4 -S 1 -1$ 3 4 19

-10 7 4 -1 2 -3 0 4 4`53 4?? • 11 4 40

-9 ? 4 0 3 2 $ 4 16 20 9 11 4 42
-8 ? 4 991 340 -1 9 4 4?2 431 10 11 4 13
-? 7 4 294 299 0 9 4 410 343 -14 12 4 -6

-4 7 4 $00 611 1 9 4 214 212 -13 12 4 3?
-S 7 4 -2 1 2 9 4 914 ?`59 12 12 4 -4

-4 ? 4 30 46 3 9 4 9 2 -11 12 4 26
-3 ? 4 1393 1354 4 9 4 34 24 10 12 4 `50

-2 7 4 0 3 ,5 9 4 360 386 -9 12 4 02

-1 7 4 ?,5 094 , , 4 9 3 -0 12 4 0
0 ? 4 907 944 ? 9 4 15 21 -? 12 4 21 0

1 ? 4 9 2 0 9 4 292 3`50 -6 12 4 20

2 ? 4 6 10 9 9 4 09 91 -5 12 4 -2
3 ? 4 ,521 432 10 9 4 1,5 3 -4 12 4 14
4 ? 4 24 16 11 9 4 12 2 3 12 4 23

,5 ? 4 104 210 12 9 4 -1 1 -2 12 4 0
6 7 4 301 317 -1,5 10 4 13 9 -1 12 4 29

7 ? 4 34 36 -14 10 4 14 13 0 12 4 4
9 7 4 127 114 -13 10 4 12 1 1 12 4 1'5

9 7 4 16 11 -12 10 4 0 6 2 12 4 399
10 7 4 143 117 11 10 4 31 34 3 12 4 327

11 7 4 111 96 -10 10 4 3 5 4 12 4 104
12 ? 4 -4 0 -9 10 4 2 0 '5 12 4 21
13 7 4 4 '5 4 10 4 14 2 6 12 4 -`5

-14 9 4 -16 0 -7 10 4 196 214 ? 12 4 11
-14 O 4 20 23 8 10 4 3 10 '5 12 4 9

-14 9 4 -4 4 -5 10 4 3 3 9 12 4 43
0 -4 10 4 63 ?`5 -13 13 4 o1'5-13 O 4 1

-12 9 4 64 75 -3 10 4 47 24 -12 13 4 `5?
-11 9 4 22 16 -2 10 4 34 28 -11 13 4 10

10 O 4 4 '5 -1 10 4 235 232 10 13 4 20
9 9 4 9 1 0 10 4 37`5 284 -9 13 4 -0

-9 4 4 43 47 1 10 4 40 40 -9 13 4 $9
-7 O 4 2 1 2 10 4 281 17? ? 13 4 0
-6 9 4 31 41 3 10 4 21'5 271 -6 13 4 -1

'5 4 4 318 317 4 10 4 16 7 -`5 13 4 17
-4 O 4 919 784 S 10 4 -1 0 -4 13 4 94

449 9 2 4 1014 91• 10 4 4 23 16 12 4 4 120
34 9 2 4 47 25 11 4 4 131 150 13 4 4 32

111 10 2 4 99 `53 12 4 4 22
430 11 2 4 338 247 13 4 4 7

444 12 2 4 9 1 14 4 4 -7
293 13 2 4 124 122 -17 ,5 4 41

29 14 6 4 21
4 -1? ? 4 20

13 -1• ? 4 -1

21 -15

2-1,5 9 , 129 9. -13 ? , 29
9 -14 6 4 219 142 -12 ? 4 0

34 -13 S 4 147 22`5 -31 ? 4 109

99 9 14 4 3 3? 6-17 9 -6

45 l; 14 4 -2 0 ?-17 '5 30
4 -11 19 4 -13 4 8-17 S 29

6 -10 19 4 -1 4 9-17 '5 1
3 -9 15 4 -14 1 10-17 '5 -1 4

4 -9 1'5 4 3 16 11-17 ,5 1

18 -? 1'5 4 12 20 -6 18 ,5 27
98 -6 1'5 4 34 24 -'5-16 '5 2

71 -$ 19 4 -6 0 -4-16 '5 27
1 -4 29 4 10 4 -3-16 ,5 -4

184 -3 19 4 1 10 -2-16 '5 2
46 -2 15 4 -2 1 -1-16 '5 -2

0 -1 19 4 14 7 0-1' '5 ?
18 0 1S 4 13 22 1-16 '5 6
19 2 1S 4 9 12 2-16 S '5

2 2 15 4 14 9 3-14 9 '5

18 3 19 4 1'5 19 4-16 S ?
5 4 1'5 4 31 26 5-16 S 21

19 5 1,5 4 -7 0 4-16 .5 10

3?2 6 1,5 4 24 19 ?-16 '5 2

299 -9 16 4 128 3 8-16 '5 6
9? -9 16 4 -3 o 9-16 .5 -?
36 -7 16 4 14 13 10-16 ,5 13

19 -6 16 4 11 16 11-16 '5 -8
19 -'5 16 4 2? 10 12-16 S -`5

S -4 16 4 19 16 13-16 '5 6

23 -3 16 4 1,5 0 -8-1,5 '5 19
o 2 16 4 9 6 -7-1,5 ,5 23

15 -1 16 4 20 13 -6-1,5 '5 -6
17 0 16 4 2 0 -5o15 ,5 -,5

9 1 16 4 0 0 -4-15 ,5 -3
13 2 16 4 23 9 -3-1'5 ,5 19
42 3 16 4 13 12 -2-1,5 ,5 ,5

4 16 4 83 0 -1-1'5 '5 -3'5 16 4 20 39 0-1'5 ,5 11

2`5 -6 17 4 -2 '5 1-1'5 '5 39
42 -9 17 4 27 ? 2-1'5 '5 10

3 8 4 1
-2 8 4 101

1 4 4 9

C 4 4 121;

1 `5 4 48
2 '5 4 22`5

3 9 4 2309 4 1,5
,5 8 4 214

6 8 4 374
? '5 4 31

8 4 4 101
9 4 4 204

10 4 4 91
11 8 4 27

12 $ 4 -1

13 4 4 3
18 9 4 -1

-14 9 4 -3
-13 9 4 23

-12 9 4 `59

-11 9 4 2
010 9 4 2

-9 9 4 47
4 9 4 1'5

-7 9 4 1'5
-6 9 4 363

-,5 9 4 20"/

-4 9 4 10
9-14 '5 -'5

10-14 ,5 24
11-14 '5 14

12-14 9 1
13-14 9 19

-1113 '5 -11
-10-13 '5 0

-9-13 '5 33
-813 '5 2?

713 5 14
6 13 '5 60

1 6 10 4 82 100 -3 13 4 11 16 -4 17 4 '5 0 3-1,5 ,5 0

89 ? 10 4 113 102 -2 13 4 43 24 -3 17 4 12 13 4-1'5 '5 `53

10 9 10 4 19 30 1 13 4 104 97 -2 17 4 13 2 ,5-1,5 ,5 1,5
12,5 9 10 4 90 94 0 13 4 -4 0 -1 17 4 11 0 6-1,5 ,5 2

37 10 10 4 0 28 1 13 4 130 1'5'5 0 17 4 7 4 ?-1'5 '5 14
236 11 10 4 19 10 2 13 4 114 103 1 17 4 3`5 0 6-1,5 ,5 18

247 -15 11 4 48 18 3 13 4 -1 1 2 17 4 11 1 9-1,5 ,5 26

26 -14 11 4 10 11 4 13 4 23 21 -2-18 ,5 -16 3 10-1,5 ,5 11
109 -13 11 4 -6 1 S 13 4 29 31 -1-19 '5 -6 0 111'5 '5 -6
328 -12 11 4 2 3 6 13 4 78 66 0-19 ,5 23 1 12-1,5 '5 12

38 -11 11 4 24 12 ? 13 4 3 '5 1-19 9 9 4 13-1,5 $ 9
84 -10 11 4 103 88 9 13 4 1,5 11 2-10 b 9 ,5 -9-14 ,5 0

162 9 11 4 240 200 12 14 4 11 3 3-10 '5 14 2 614 '5 34

88 -6 11 4 449 418 11 14 4 -5 1 4-19 S 3 6 714 S 1
$ -7 11 4 2? 9 -10 14 4 -8 6 9-16 '5 2 7 -6-14 '5 12

30 4-10 S -'5 0 -'5-14 S 122 -6 11 4 334 312 -9 14 4 49

I.SS11498 6_-_1442 17-1661 4-4-14'513'5-4 11 4 0 - 14 4 30 24 '-18 '5 4 11 -3-14 '5 39
'5 -3 11 4 146 128 -6 14 4 70 86 9-19 '5 1'5 6 -214 '5 3

31 -2 11 4 90 9`5 -`5 14 4 ?`5 ?S -4-1? '5 2 2 -1-14 5 33
`56 -2 11 4 96 79 -4 14 4 7 12 -3-17 '5 20 1 0-14 '5 23

0 11 4 `52 30 3 14 4 21 16 -2-17 ,5 `5 0 114 ,5 132 1 11 4 3'51 3,51 -2 14 4 78 ?8 -117 ,5 10 7 2-14 ,5 4`5
6`5 2 11 4 ,598 580 ) 14 4 22 30 0-17 '5 6 1 314 '5 31

23 '5 11 4 19 31 0 14 4 3`5 12 1-17 '5 4 1 4-14 '5 26
e 4 11 4 12,5 136 1 14 4 14 17 2-17 '5 37 17 ,5-14 5 21

32`5 '5 11 4 1'52 180 2 14 4 4 6 317 S 22 29 6-14 '5 ?
7`5 8 11 4 12 10 3 14 4 -1 ,5 4-17 '5 13 22 ?-14 5 3

7 ? 11 4 1'5 0 4 14 4 18 6 '5-17 '5 10 4 8-14 3 16
3 -8-11 '5 49 `50 -2 -9 '5 `54`5 622 0 -7 '5 0424 7?`57 0 -S 5 3

20 -'5-11 '5 10 22 -1 -9 '5 `544 470 1 -7 '5 972 646 1 -'5 '5 2?9
3 -4-11 '5 82 `55 0 -9 '5 930 923 2 -7 '5 -1 0 2 -`5 '5 63

0 -3-11 '5 ?`5 65 1 -9 '5 672 940 3 -7 '5 42 ?3 3 -`5 '5 33
4 -2-11 '5 130 128 2 -9 '5 299 209 4 -7 '5 300 829 4 -`5 '5 ?93

2 -1-11 '5 0'5 ?2 3 -9 '5 ? 1'5 '5 -7 S 31 30 '5 -`5 '5 430

96 0-11 '5 8 9 4 -9 '5 139 131 6 -7 S 341 33`5 6'5 '5 340
45 111 ,5 '5 11 SS -9 ,5 136 143 ? -7 ,5 1063 1034 7 `5 ,5 244

30 2-11 '5 243 190 6 -9 '5 200 187 $ -7 9 949 47? 9 -`5 '5 292
17 3-11 '5 29 32 ? -9 ,5 `5`58 `563 9 -? ,5 4? 61 9 -,5 ,5 29
49 4-11 ,5 9 '5 9 -9 ,5 386 381 10 -7 ,5 78'5 727 10 -'5 ,5 77

3
2

081
16
23

93
11•

1
19

69
24

6
20

21
16
10

40
0

?0

I
o

2
o

o
ll

2
2

2

13
o

1,_
lO

o

4
6
4

1
o

o
?

o
8

1
21

11

36

o
?

31
41

4

4
4

3
3
6

3
17

23
14

9

11,5
2`5

3
3`5

29
7

12
2`5

16
2o

s

1

6
6

19,5
`58
39

904

391
3`54

3o6
289

24
lO,5

wlw

w

m

rome
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Table A.3, continued
H g b 0tse CalC H g b Ot_ Calc H K L ON Ca1© g K 1, Oi_ CslC

......................................

-$-13 S 128 110 8-11 S 25? 242 9 -9 S 160 147 11 -? $ 12 $ 11 -S S 41

-*-13 s 21 10 8-11 s 4 1 10-9 0 -1 12 12-7 8 10 2 12-_ 8 :
5)8 13 S -

-3-13 S 104 153 ?-11 $ 21

-2-13 S 171 146 0-11 S 11

-1-13 5 0 4 9-11 S 74

0-13 S 11 14 10-11 $ 43

1-13 S 127 121 11-11 8 20

2-13 6 4? g0 12-11 S 19

3-13 8 9 0 13-11 S 17

4-13 S 67 O0 10-11 5 S8

0-13 S 107 204 18-11 S 28

0-13 S 7 S -14-10 S 18

?-13 S 43 83 -13-10 S 26

0-13 S ?4 92 -12-10 S lS

9-13 S 29 41 -11-10 5 -7

10-13 S -S 0 -10-10 S 2

11-13 S 44 44 -9-10 S 20

12-13 S 39 52 -8-10 5 -4

13-13 S 17 19 -?-10 S 156

14-23 8 -3 0 -6-10 8 70

-12-12 S -7 4 -8-10 8 917

30 11 -9 $ 144 187 13 -? S 135

21 12 -9 S 47 41 14 -? S 101

83 13 -3 0 122 102 18 -? S 1

22 14 -9 8 0

12 15 -3 8 13

11 16 -9 0 32

22 -15 -0 S 10

0 -14 -0 S °0

2 -13 -0 $ 28

0 -12 -0 S 10

30 -11 -0 5 24

16 -10 -0 5 119

10 -5 -0 S 42

4 -0 -1 5 241

14 -? -$ 5 103

0 -8 -1 5 435

165 -5 -8 5 579

71 -4 -0 5 30

?23 -3 -0 5 206

H K L Obl Calc

31

I

1

110 14 -S S 34 28

0 13 -S S 12 13

11 18 -? S 0 9 16 -S S 14 9

1 -15 -g S 21 10 -16 -4 S 23 10

31 -19 -0 6 00 S0 -15 -4 S 101 05

8 -14 -5 S 35 50 -14 -4 S 97 70

0 -13 -6 5 22 ? -13 -4 5 -S 0

34 -12 -6 5 56 S9 -12 -4 5 96 91

26 -11 -6 5 45 60 -11 -4 S 29S 230

13-10-65 10 1-10-45 231 292134 .,-,5 ,? 50 _,_4 5 , 9
31 .,-65 100 110 -0-, 5 ,so ,32205 -?-65 7 , -7-45 3,2 655

1,4 _1.:; 1 , -,-4 5 2o5 230
331 206 229 -5 -4 5 17 4

615 -4 -5 S 3?0 343 -4 -4 5 2432 2576

75 -3 -6 5 13 33 -3 -4 5 67 S?

215 -2 -0 5 90 34 -2 -4 5 4 1

-11-12 S 22 25 -4-10 S 377

-10-12 S 3 14 -3-10 5 200

-9-12 S ? 19 -2-10 S 40

-8-12 S 9 0 -1-10 9 463

-7-12 5 119 135 0-10 S 11

-6-12 5 29 15 1-10 S 624

-5-12 0 2 10 2-10 5 3

-4-12 5 331 209 3-10 S 5

-3-12 3 69 39 4-10 S 31 9

-2-12 5 ? 9 5-10 5 374

-1-12 5 17 3 8-10 5 64

0-12 5 34 23 7-10 5 10

1-12 5 49 33 0-10 5 102

2-12 5 ?? 01 3-10 5 159

3-12 5 13 2 10-10 5 19

4-12 5 245 221 11-10 5 7

5-12 5 1 0 12-10 3 3

0-12 5 0 0 13-10 5 -6

7-12 5 0 14 14-10 5 31

8-12 5 43 3? 15-10 S 9

9-12 S -4 1 16-10 5 10

10-]2 5 53 38 -15 -9 5 2?

11-12 5 9 22 -14 -9 5 13

12-12 5 -6 0 -13 -3 S 3

13-12 5 2 0 -12 -9 5 36

14-12 5 0 13 -11 -9 5 8

15-12 5 -9

-13-11 5 9

-12-11 5 36

-11-11 5 0

-10-11 6 130

360 -2 -8 S 270 403 -1 -S S 1753 1673 -1 -4 S 35 53

19o59_-1 : 1252 102: :-: I 1.014175,22::: : ,o: 301
42? 1 -I 5 5637 3670 2 -5 5 630 684 2 -4 5 52? 1024

9 2 -0 5 1139 1031 3 -6 5 1273 1290 3 -4 S 04 70

0 4 -5 S 2 0 4 -4 S 041 071

35 S -6 S 712 ?24 5 -4 5 510 004

637 5 -6 S 157 164 6 -4 5 3? 23

245 7 -8 5 149 192 7 -4 5 1051 1064

2 0 -8 3 0 10 8 -4 S 71 73

54 9 -6 5 429 344 0 -4 S 9 5

161 10 -6 S 10 4 10 -4 5 142 150

6?2 3 -6 S -1

4 4 -0 3 56

0 3 -0 S 645

234 6 -I S 257

400 7 -| S 0

40 6 -0 5 53

14 3 -0 5 196

83 10 -0 5 560

139 11 -0 5 216

17 12 -0 S 32

20 13 -0 5 59

0 14 -5 5 ]2

1 15 -0 5 30

0 16 -4 5 -10

6 -15 -? 5 -9

9 -14 -? 5 24

6 -13 -? 5 63

13 -12 -? 5 17

12 -11 -? 5 4

24 -10 -? 3 292

3 -9 -? 5 0

319 11 -6 3 -1 4 11 -4 3 054 937

214 12 -6 S 32 22 12 -4 S 22 15

70 13 -6 S 230 107 13 -4 5 82 59

44 14 -6 5 -3 ? 14 -4 5 - -5 1

12 15 -8 5 4 10 15 -4 5 11 5

9 16 -6 5 28 15 10 -4 5 -? 10

16 -16 -3 5 98 95 -10 -3 S 42 22

1 -13 -5 5 9 0 -15 -3 5 24 8

0 -14 -S $ 2 O -14 -3 S 22 24

49 -13 -5 5 36 19 -13 -3 5 24 15

8 -12 -3 5 10 4 -12 13 _ 34? 283

18 -11 -S 5 S 34 -11 -3 3 109 196

228 -10 -5 S 8 6 --10 --3 5 221 197

3 -3 -5 5 121 119 -9 -3 5 ?68 662

2 -10 -9 3 11 1 10 l_ _ 115 110 -6 -6 5 4?0 466 -8 -3 5 1851 1743

5 -8-9 -9 5 20 40 -? -? 5 510 404 -? _ 5 643 640 -? -3 5 3 2410 -9 5 0 14 -6 -? 5 2 1 -0 3 20 13 -6 -3 S 716 719

0 -7 -9 S 420 357 -5 -? 5 19 20 -5 -5 3 175 230 -5 -3 5 774 1010

114 -6 -9 5 52 96 -4 -? 5 422 359 -4 -5 S 757 027 -4 -5 5 806 ??0

30 -5 -9 6 -3 1 -3 -? 5 167 103 -3 -5 s 32 22 -3 -3 5 139 11o
90 -4 -9 5 603 599 -2 -? 5 557 598 -2 -S 5 5 5 -2 -3 5 1976 2365

30 22 -1 -7 5 512 509 -1 -5 S 2308 2181 -1 -3 S 2007 2091

4 -2 5 14993 13300 6 0 6 ??

5 -2 S 94 52 7 0 5 273

6 -2 6 179 220 0 0 5 143

? -2 5 2071 2305 9 0 5 3

0 -2 5 170 144 10 0 5 03

9 -2 S 359 340 11 0 5 26?

10 -2 5 1055 1049 12 0 5 254

11 -2 5 216 201 13 0 5 19

12 -2 5 33 13 14 0 5 56 54 -15 3 5 9

13 -2 3 86 71 15 0 5 34 10 -14 3 5 41

14 -2 5 92 99 -16 1 5 11 8 -13 3 5 2?

13 -2 5 0 3 -15 1 3 45 13 -12 3 3 0

6

47 0 2 5 823

358 9 2 5 185 162 13 4 5 140

131 10 2 5 4 0 14 4 6 37

5 11 2 5 211 250 -17 6 5 -16

164 -16 5 6 6616 22 2 5 170

244 13 2 5 9 3 -15 5 5 .5

225 14 2 5 32 12 -14 5 5 13

12 -16 3 5 -2 2 -13 .5 5 3?

0

08 12 6 .5 -6 4

118 13 6 5 42 40

11 -16 ? , 3? 21

6 2450 -15 ? S

139 -14 ? 5 -4 9

24 -13 ? .5 14 6

2? -12 ? 5 107 117

23 -11 ? 5 31 13

1 -10 ? 5 -3 2

2 -9 ? 5 41 26

29 -8 ? 5 72 103

11 -12 3 5 48 35 -? ? 5 166 164

40 -11 3 5 22 49 -6 ? 5 140 107

39 -10 , ' 163 106 -5 ? 5 604 532

25 -3 5 5 257 235 -4 ? 3 0 1

-9-11 5 53

-8-21 5 100

-7-11 5 11 9 -3 -9 5

0 -3 5 9 2 1 -1 5 314 472 3 5 ? 486 562 9 S 40

1 -3 5 2009 2243 2 -1 5 1091 1312 4 69 33 2679 2324 10 5 63 60

2 -3 5 39? 372 3 -3 5 6620 6109 5 1 S 24 26 0 3 5 623 580 11 5 S 36 32

3 -3 5 644 ?84 4 -1 5 2362 2037 6 1 5 202 133 9 3 5 201 197 12 5 S 61 53

4 -3 5 34? 452 5 -1 5 3383 343? ? 1 5 1278 1124 10 3 5 341 333 13 5 5 ? 0

5 -3 5 1914 1726 6 -1 5 49 59 0 1 3 21 4 11 3 5 41 61 -17 6 5 76 6

6 -3 5 21 49 ? -1 5 816 797 9 1 6 07 59 12 3 5 15 13 -16 6 S 6 6

? -3 5 254 245 0 -1 5 186 172 10 1 5 445 453 13 3 5 39 46 -15 6 5 49 51

0 -3 5 699 675 9 -1 5 565 4?0 11 1 S 97 ?3 14 3 S 21 43 -14 6 5 23 16

9 -3 5 222 176 10 -1 5 222 26? 12 1 3 -4 0 -16 4 3 -5 2 -13 6 5 94 83

10 -3 5 995 860 11 -1 5 11 1 13 1 5 196 179 -15 4 3 9 45 -12 0 ' 31 14

11 -3 3 89 99 12 -1 3 48 ?4 14 1 3 0 1 -14 4 $ 38 31 -11 6 5 ?3 70

12 -3 5 4? 44 13 -1 3 268 233 13 1 5 72 33 -13 4 5 13 9 -10 6 5 34 28

13 -3 3 41 23 14 -1 S 11 0 -16 2 5 14 6 -12 4 S 108 195 -9 6 5 61 ?0

14 -3 3 43 21 13 -1 S -6 1 -15 2 5 4? 26 -11 4 S 232 230 -8 6 5 30? 353

13 -3 5 17 38 -16 0 5 36 10 -34 2 S 19 18 -10 4 3 20 22 -? 6 5 39.5 375

16-3 5 25 22 .13 0 5 16 22 -13 2 3 -1 3 -9 4 5 133 123 -6 , _ .9 --16-_ 5 -5 , -10 0 5 0 3-12 2, -6 2 -09 3 .6 5,6 -3 , 5 200 221
-13 -2 5 13 20 -13 0 5 23 32 -11 2 .5 292 357 -? 4 5 1161 1110 -4 6 3 1111 1003

-14 -2 3 14 23 -12 0 3 1 9 -10 2 3 455 395 -6 4 S 3130 2022 -3 6 5 -1 3

-13 -2 5 12 3 -11 0 3 21 9 -9 2 3 320 401 -3 4 5 373 395 -2 6 5 0 2

-12 -2 5 0 22 -10 0 3 925 ?03 -0 2 S 499 402 - 4 4 5 19 46 l ) 6 S 74 102

-11 -2 5 214 177 -9 0 5 34 38 -? 2 S 1917 1504 -3 4 5 314 306 0 6 S 121 141

-10 -2 6 755 661 -0 0 .5 106 177 -6 2 , 8304 0033 -2 4 5 3405 3139 1 6 , 344 583

-9-2 3 163 173 -? 0 3 ?21 ,31 -5 2 , 3,22 37,0 -1 , 3 767 ,1 2 6 5 ?7, ,1,
-8 -2 5 182 171 -6 0 5 560 623 -4 2 3 1711 1724 0 4 S 611 770 3 6 5 845 ?92

-? -2 5 1442 1570 -3 0 5 2853 3017 -3 2 5 ?4 46 1 4 5 17 20 4 0 5 355 562

-6-2 S 3? 21 -405 73 44 -22515461731245125? 12245 ' 3 S '

-3 -2 5 5"/6 714 -3 0 ' 3388 3615 -1235 492 4?4 4 3 409 46? 6 6 3 30 44

:,:: _ 3138 .09 , oo5 130? 1.4 _ : _ 454 596 4 , _ .9 ,23 ? , 5 203 149
269 204 -1 5 731 904 1777 2054 3 4 1479 1520 0 6 3 31 33

-2 -2 5 342 390 0 0 3 3?6 300 2 2 .5 135 139 6 4 , 2217 2165 9 6 3 12

-3 -2 5 1018 22?? 1 0 5 2218 2525 3 2 S 24 10 ? 4 3 2399 2181 10 6 S 294

0 -2 3 834 639 2 0 3 14 10 4 2 5 1050 1008 0 4 5 433 400 11 6 5 12

-2 3 3 3 3 0 3 33 63 .5 2 S 964 1130 9 4 5 99-2 5 96 112 4 0 5 5640 5480 6 2 5 260 259 10 4 .5 12"/

3 -2 5 211 127 5 0 3 21 20 ? 2 5 -2 1 11 4 3
74 ? 12 4 5 ?0
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Table K3, continued
H g L Cl_ Calc H g b _ Calc H g h _ C_IC M E L (_s Calc H K L _m Calc
..................................................

-16 -1 $ 27 1 -14 1 3 12 16 -11 3 $ 132 175 | 3 S 59 63 -3 ? $ 251 336

-13 -1 3 31 49 -13 1 3 7 4 -10 3 6 442 36? -7 S $ 134 111 -2 7 S 3,7 390

-14 -1 $ -7 6 -12 1 $ 0 10 -3 3 $ $ 2 -6 5 3 646 698 -1 7 6 218 240

-13 -1 5 13 14 -11 1 S 124 139 -$ 3 S 338 357 -S S $ 93 ?0 0 7 3 -2 1

-12 -1 3 130 134 -10 1 S SO 43 -7 3 S 4H3 424, -4 S S 302 377 1 7 3 849 IO0

-11 -1 5 146 151 -g 1 5 110 74 -6 3 5 10511 901, -3 5 $ 1006 1160 2 7 5 175 134

-10 -1 5 4 3 -0 1 5 512 545 -5 3 5 3232 3057 -2 5 5 316 614 3 7 5 144 111

-9 -1 $ 0 10 -7 1 5 1037 1005 -4 3 5 421 199 -1 5 5 1365 1139 4 7 5 202 1,1

-I -1 $ 513 332 -| 1 5 472 400 -3 3 S 1010 93, 0 5 S 11 35 5 ? 5 316 321

-7 -1 5 241 1|1 -b 1 5 $6 132 -2 3 $ 1261 1405 1 5 5 3627 3643 6 ? S 214 173

-6 -1 S 344 356 -4 1 b 647 757 -1 3 5 21 12 2 5 3 117 679 ? 7 5 11 S

-$ -1 5 506 568 -3 1 b 2461 2501 0 3 $ 157 237 3 5 5 9 6 I ? 5 22 13

364 -2 1 5 173 230 2 3 b 3305 3187 4 5 S 1433 1432 • ? S 152 212

11 -1 1 5 39•7 4•22 2 3 $ 197 173 5 5 5 •55 ••4 10 ? 3 -3 0

5 0 1 5 431 400 3 3 $ 015 949 • 5 5 709 709 21 7 3 29 20

$•2 1 1 5 3• 42 4 3 ' 1072 1140 7 5 5 37 35 12 ? S 3 10

-4 -1 5 267

-3 -1 5 17

-2 -1 5 3

-1 -1 5 1m7

0 -1 5 155

_1' • 3 59

-15 I 5 -7

-14 • 5 -3

-13 • $ 2•

-12 ' 5 0

-11 • 5 57

-10 0 5 217

-• • 5 105

-• • 5 602

-7 • 5 65

-6 • $ 104

134 2 2 S 3 63• . 11 Ss 24: 1,7 912 6

1 -6 10 5 151 111 -13 13 I

1 -3 10 5 195 113 -22 13 $

20 -4 10 5 12 7 -11 13 3

19 -3 10 5 •6 09 -10 13 5

99 -2 10 S 273 203 -9 13 5

130 -1 10 S 153 151 -5 13 $

143 0 10 S 2 9 -7 13 S

4•• 1 10 5 •85 723 -6 13 $

57 2 10 5 124 109 -$ 13 S

119 3 10 3 26 19 -4 13 S

-3 • 3 266 301 4 10 3 104 144 -3 13 5

-4 • 5 729 907 $ 10 3 239 217 -2 13 5

-3 II 5 617 519 6 10 6 60 79 -1 13 5

-2 9 5 1112 927 7 10 5 44 39 0 13 5

-1 I 5 10 • • 10 3 109 111 I 13 5

0 9 5 220 232 • 10 b 56 59 2 13 5

1 • 5 701 612 10 10 5 -4 3 3 13 $

2 9 b 96 109 11 10 5 1 3 4 13 $

3 • 5 34 15 -14 11 5 44 26 5 13 b

4 • 5 4•3 453 -13 11 S -16 0 6 13 5

5 • 5 52 32 -12 11 5 25 33 7 13 5

6 • 5 5• 66 -11 11 5 69 76 -12 14 6

: : _ 390 37. 1011 _ 92 69 1114 6166 166 - 11 -4 4 -10 14 5

9 • 5 16 2 -• 11 5 168 136 -9 14 3
10 • b 186 174 -7 11 5 95 122 -• 14 5

11 • 5 9 16 -6 11 5 -5 1 -7 14 5

12 • 5 11 7 -3 11 5 41 37 -6 14 3

-16 9 5 2 4 -4 11 3 257 210 -5 14 5

-15 9 5 11 25 -3 11 3 114 132 -4 14 3

-14 • 5 2? 35 -2 11 -% 26 23 -3 14 5

-13 9 3 -6 0 -1 11 $ 01 65 -2 14 $

-12 9 5 -3 21 0115 2 7 -1 145

-11 9 5 51 58 1 11 5 275 255 0 14 3

-10 9 3 2 1 2 11 5 0?9 7•0 1 14 5

-• 9 5 30 41 3 11 5 23 31 2 14 5

-• 9 5 101 115 4 11 5 96 127 3 14 5

-7 9 5 464 416 5 11 5 5 1 4 14 5

-6 9 5 22 19 6 11 5 56 54 5 14 5

-5 9 5 140 117 7 11 5 134 102 6 14 5

-4 9 5 448 422 9 11 5 8 3 -10 13 3 -11

-3 9 5 96 75 9 11 5 4 17 -• 15 5 10

-2 9 5 0 3 10 11 5 12 36 -• 15 5 -5

-1 9 5 200 201 -14 12 5 -12 0 -7 13 5 74

0 9 5 458 466 -13 12 b 53 15 -6 15 5 63

1 9 $ 83 55 -12 12 5 0 19 -5 15 5 76

2 9 5 1309 1419 -11 12 5 11 9 -4 15 5 12

3 9 5 1049 974 -10 12 5 -6 2 -3 15 5 0

4 9 5 50 51 -9 12 5 92 64 -2 15 5 ?6

5 9 5 141 150 -8 12 5 92 67 -1 15 5 -4

6 9 5 190 160 -7 12 5 32 13 0 15 5 -?

? • 5 172 139 -6 22 5 -6 13 1 15 5 35

• 9 5 36 41 -5 12 5 43 25 2 15 5 22

9 9 5 27? 266 -4 12 5 9 13 3 15 5 0

10 • 5 105 106 -3 12 5 30 34 4 15 5 24

11 9 5 -2 3 -2 12 5 122 124 5 15 5 -7

12 9 3 -111 • -1 12 3 95 90 6 15 5 21

-15 10 5 -$ 10 0 12 5 4 2 -• 16 5 67

1 I 12 3 279 24? -7 1is 5 6?-14 10 3 -5

-13 10 5 22 7 2 12 5 15 13 -6 16 5 24

5 -5 16 5 0-32 10 5 5 0 3 12 3 2

-31 10 5 8 22 4 12 5 6 1 -4 15 5 -4

-10 10 5 185 164 5 12 5 65 55 -3 16 5 0

-• 10 5 22• 210 6 12 3 42 33 -2 16 3 -8

-0 10 3 55? 439 ? 12 5 -• 2 -1 16 5 0

-9-12 6 -5 5 -1-10 6 44 30 3 -• 6 1134

-is- 12 6 35 22 0-10 6 911 919 4 -• 6 107
-?-12 6 ? 7 1-10 6 117 109 5 -8 6 31

-6-12 6 49 64 2-10 6 203 222 6 -• 6 ?79

-5-12 6 32 29 3-10 6 63 45 ? -• 6 164

-4-12 6 -1 2 4-10 6 -1 0 8 -8 6 3?

-3-12 6 179 130 5-10 6 is 15 9 -9 6 392

-2-12 6 173 162 6-10 6 334 314 10 -• 6 36

-1-12 6 5 1 ?-10 8 16 16 11 -• 6 -4

0-12 iS 60 79 8-10 6 •2 37 12 -• 8 "1

1-12 6 56 65 •-10 6 43 43 13 -I; 6 51

2-12 6 25• 205 10-10 6 0 • 14 -• 6 82

3-12 6 24 29 11-10 6 35 46 15 -8 8 2

4-12 6 10 19 12-10 6 26 18 -16 -7 6 17

5-12 is 93 ?2 13-10 6 22 32 -15 -7 6 59

6-12 is • 15 14-10 6 -4 1 -14 -7 6 2

7-12 is 10 0 15-10 6 3? 11 -13 -7 6 1

• -12 6 21 17 -15 -9 6 31 19 -12 -7 6 36

• -12 6 63 69 -14 -9 6 -• 1 -11 -? 6 0

10-12 6 is 3 -13 -• 6 15 32 -10 -7 6 -3

11-12 6 53 30 -12 -9 6 99 77 -9 -? 6 375

34 56 • 5 5 210 23? 13 ? S 2 4

10 21 0 2' 5 0 10 -1-16 ' 1 1

25 4 1165 -11 1 0-156 4 6

0 2 2 16 5 9 3 1-13 ' 1 0

-8 2 3 18 S b • 2-15 8 6 1 2
22 12 4 18 5 -3 0 3-15 8 11 le

23 29 5 1' 5 SO 14 4-15 8 11 1

? 10 o5 17 5 21 14 3-15 6 13 10

SO 31 -4 17 5 -7 11 6-15 8 25 9

34 59 -3 17 5 -17 1 7-15 8 -4 5

1 18 -2 17 5 57 ? 0-15 8 0 3

-3 3 -1 17 5 -9 1 3-15 8 • 10

8 1 0 17 5 • 0 10-13 6 6 6

36 37 1 17 3 35 4 11-13 6 1 0

0 1 2 17 $ 2 2 12-15 8 -1 2

16 1• -2-18 6 23 0 13-15 6 -10 2
36 42 -1-1• 6 37 0 -9-14 8 87 43

3 0-18 8 18 0 -8-14 6 35 2414 1-19 6 -7 5 -7-14 8 -6 0

76 73 2-11 8 19 21 -6-14 8 2? 22

.S • 3 3-18 8 24 33 -5-14 8 5 ]

35

47

25

38

-6

4

3

28

16

36

20

10

91

25

10

5

45

22

14

41

3 4-18 8 20 • -4-14 6 3 0

13 5-1• 6 -? 1 -3-14 8 113 132

1 8-1• 6 2? 5 -2-14 6 77 80

7-19 6 -2 2 -1-14 8 37 2S0-1I 6 15 0 0-14 6 34 37

0 3-18 6 -4 0 1-14 6 122 121

16 -4-17 6 -13 $ 2-14 8 71 53

11 -3-17 8 -6 1 3-14 8 7 2

26 -2-17 8 22 4 4-14 6 35 41

-1-17 6 -4 0 5-14 6 73 69
1 0-17 8 4 5 6-14 6 14 4

15 1-17 6 21 19 ?-14 8 4 1

21 2-17 6 0 5 •-14 8 1 11

61 3-17 6 0 0 9-14 6 6 4

24 4-19 6 11 4 10-14 6 0 4

2 3-17 6 1 6 11-14 6 39 20

1 6-17 6 2 4 12-14 6 -1 ?

51 7-17 6 5 5 13-14 6 10 2

12 is-17 6 10 7 -10-13 6 23 0

16 9-17 6 -2 6 -9-13 6 21 9

28 10-17 6 107 1 -8-13 6 17 3 o
2 11-17 6 6 0 -7-13 6 51 24

5 -3-16 6 -5 0 -is-13 6 9 16

-4-16 6 15 1 -5-13 6 -1 63 -3-18 6 33 40 -4-13 6 15 17

53 -2-16 6 4 1 -3-13 6 104 111

76 -1-16 6 2 0 -2-13 6 24 40

14 0-16 6 21 8 -1-13 8 55 62

9 1-16 6 -4 0 0-13 6 127 130

62 2-16 6 -4 0 1-13 6 2 •

116 3-16 6 24 13 2-13 6 30 2

0 4-16 6 6 9 3-13 6 117 111

21 5-16 6 15 5 4-13 6 2is 29

17 6-16 6 15 13 5-13 6 22 0

4 7-16 6 0 11 6-13 6 5 1

19 8-16 6 13 2 7-13 8 -4 6

11 •-16 6 3 0 8-13 6 13 1

10 10-16 6 16 5 9-13 6 15 16

52 11-16 6 -9 3 10-13 6 43 32

49 12-16 6 21 0 11-13 6 22 is

13 -7-15 6 17 23 12-13 6 13 •

1 -6-15 6 -5 2 13-13 6 16 13

14 -5-15 6 13 13 14-13 6 6 12

13 -4-15 6 25 20 -12-12 6 22 18

0 -3-15 6 1 0 -11-12 6 -4 3

5 -2-15 6 24 18 -10-12 6 73 45

975 5 -6 6 325 329 ? -4 6 4 2

115 6 -is 6 446 508 | -4 6 206 224
31 7 -6 6 243 225 9 -4 6 135 109

779 • -6 6 903

149 9 -6 6 21

31 10 -6 6 6

344 11 -6 6 11

3? 12 -6 6 4

3 13 -6 6 12

0 14 -6 6 60

71 15 -6 6 -4

55 -16 -5 6 21

0 -13 -5 6 21

4is -14 -5 6 3

59 -13 -5 6 -i

5 -12 -5 6 211

2 -11 -5 6 190

27 -i0 -3 6 21

1 -9 -5 6 21

I -• -5 5 254

319 -7 -5 6 91

864 10 -4 6 284 273

10 11 -4 6 1 1

6 12 -4 6 -3 1

14 33 -4 6 -3 0

2 14 -4 6 36 52

24 15 -4 8 50 55

61 16 -4 8 27 9

4 -16 -3 6 13 5

9 -15 -3 6 33 44

22 -14 -3 6 40 58

10 -13 -3 6 -5 0

11 -12 -3 6 9? 102

182 -11 -9 6 427 3`sO

191 -10 -3 6 435 430

24 -9 -3 6 15 1is

30 -8 -3 6 639 601

246 -7 -3 6 853 702

90 -6 -3 6 2034 2053
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Table A.3, continued
H K L _ C-ale H K L Gi_ Cage H K h Oloe Ca1¢ H K L ObB C.S1¢ H g L GIDm C4aIc

.......................................

12-12 66 43 663 -11 -; 6 17 .... 4 5 -7 i 235 209 66 -g ; 30 27 -; -; 66 $2 104

13-12 66 34 2S -10 -9 66 S 0 -7 -7 66 97 91 -$ -3 66 22 $ -4 -3 66 1429 1276

,412 66 , : 71: ! 2,2 220 : 7 : 10566 ,, -45 : .67 .0 371 ! 3104 3410
-13-11 • -11 -1 1 - -7 331 299 -3 -5 3661 336 -2 1502 1649

-12-11 66 -3 1 -? -9 66 21 ? -4 -7 66 513 049 -2 -S • 1534 1490 -1 -3 66 1551 1454

-11-11 66 -7 9 -66 -0 66 550 353 -3 -7 66 69 59 -1 -S 66 552 334 0 -3 66 1505 2452

-10-11 66 466 54 -5 -9 66 96 100 -2 -7 66 234 225 0 -$ • 43 9 2 -3 66 254 325

-3-11 66 -4 2 -4 -9 66 1 16 -1 -7 66 323 344 1 -$ • 2157 1731 2 -3 66 2725 2551

-66-11 66 30 21 -3 -3 • 12662 1249 0 -7 66 2341 2301 2 -3 $$ 2373 2211 3 -3 66 944 1311

-7-11 66 75 73 -2 -$ 66 293 299 1 -7 66 23566 2310 3 -5 66 1560 1717 4 -3 66 1100 1012

-66-11 66 207 1066 -2 -$ 66 156 201 2 -? 66 1336 1620 4 -S 66 315 260 $ -3 66 0 3

-5-11 66 66 7 0 -9 66 5_5 739 3 -? 66 106 115 5 -$ $$ 535 403 4 -3 $$ 1511 2050

-4-11 66 166 32 I -9 66 2257 2229 4 -7 66 66 14 66 -3 66 1131 1045 7 -3 • 1•7 140

-3-11 66 466 36 2 -9 66 552 454 5 -7 66 719 710 7 -3 66 152 152 $ -3 66 77 57

-2-11 • 137 214 3 -9 66 73 55 66 -7 6 1530 1430 0 -5 66 25 41 9 -3 66 531 704

-1-11 66 121 104 66 -9 6 120 125 7 -? 5 14 5 9 -S 66 455 457 10 -3 66 378 335

0-11 66 -1 3 S -9 5 565 $21 • -7 66 151 132 10 -S 66 1179 1100 11 -3 66 03 124

1-11 • 120 1366 6 -3 5 2 6 $ -7 5 09 102 11 -3 66 317 322 12 -3 • 30 466

2-11 66 66 0 7 -9 6 2 1 10 -? 5 3? 51 12 -$ 66 25 15 13 -3 $$ 223 221

3-11 66 1066 566 66 -4 6 36 21 11 -7 6 -3 12 19 -5 66 37 62 14 -3 • eO 59

• -11 66 -72 55 9 -3 5 5 5 12 -7 5 0 15 14 -0 66 5 66 15 -3 66 -7 2321,, 3°7 242 10,. 3.1 30, 13,, .4 ,7., , . 45 1.-2, 19 0
66-11 66 1 3 11 -9 5 31 31 14 -? 5 10 1 -166 -4 6 15 3 -13 -2 66 37 665

7-11 6 32 14 12 -4 5 23 19 15 -7 5 4-7 24 -15 -6 66 -5 0 -14 -2 66 -4 0

6-11 66 53 44 13 -9 5 10 0 -25 -6 6 -4 16 -14 -4 5 4 14 -13 -2 66 12 15

9-11 66 -3 0 14 -9 6 37 24 -15 -66 6 13 1 -13 -4 5 9 1 -12 -2 66 115 102

10-11 66 660 52 15 -9 5 44 16 -14 -4 5 9 1 -12 -4 5 106 137 -11 -2 66 22 4

11-11 66 11 • -15 -0 4 -1 $ -13 -5 5 1 4 -11 -4 6 -6 0 -10 -2 6 •7 ? 5

12-11 66 -5 0 -14 -8 5 25 17 -12 -6 5 1 19 -10 -4 5 60 68 -9 -2 5 337 313

13-11 66 10 7 -13 -0 6 16 17 -11 -5 6 131 153 -9 -4 5 715 533 -5 -2 5 405 335

14-11 66 6 16 -12 -6 5 3 16 -10 -6 6 26 31 -4 -4 6 -2 1 -? -2 5 175 202

13-11 66 27 8 -21 -5 $ 101 09 -4 -6 6 91 -79 --7 -4 5 32 42 -6 -2 5 63-7 671

2410 5 0 2 30. , 121 240 ., , 59 . ,, , , 21 3 2 , 54. 443
-13-10 66 10 1 -9 -| 6 106 56 -7 -66 6 139 106 -3 -4 5 13 1 -4 -2 6 423 499

-12-10 6 26 37 -0 -5 6 296 269 -6 -6 5 75 61 -4 -4 6 223 290 -3 -2 66 392 619

-11-10 66 2 4 -? -6 6 601 5-79 -5 -6 6 66 75 -3 -4 6 94 196 -2 -2 5 209 231

-20-10 66 9 14 -6 -8 6 37? 301 -4 -5 5 200 149 -2 -4 5 20 10 -1 -2 5 6676 615

-9-10 5 16 5 -S -5 6 296 255 -3 -5 6 1601 1594 -1 -4 6 55 ?0 0 -2 4 56 50

-8-10 66 54 "$0 -4 -5 6 6676 5i2 -2 -5 6 678 '712 0 -4 5 1422 1341 1 -2 6 752 545

-7-10 66 1 3 -3 -5 6 555 793 -1 -6 6 232 302 1 -4 6 713 813 2 -2 6 166699 1731

-6-106 10 4-2-6' 112 94 0-55 32 36 2-45 '6 117 3-26 324 307

-5-10 6 0 5 -1 '5 597 584 1 -5 ' 399 2'73 3 -4 ' 313 290 4 -2 6 1906 1344

-4-10 5 666 40 0 -0 ' 2296 20-75 2 -6 5 26 40 4 -4 ' 22 10 5 -2 5 106,7 1023

-3-10 5 22 33 1 -8 6 $0 13 3 -6 6 471 302 5 -4 6 1993 2222 6 -2 6 379 505

-2-10 5 355 295 2 -8 5 173 217 4 -6 5 61 -75 5 -4 5 13 18 7 -2 5 366 76

4 -2 5 17 le 9 0 6 370 53-7 13 2 6 109 93 -13 5 i 20 12 -6 7 5 -3 2

9 -2 5 350 323 10 0 5 153 1466 14 2 5 254 250 -12 5 5 100 112 -5 7 6 30 40

10 -2 5 22 25 11 0 66 5 7 -16 3 5 12

11 -2 6 15 22 12 0 66 71 101 -15 3 6 33

12 -2 6 316 271 13 0 66 113 10'7 -14 3 6 3

13 -2 5 95 99 14 0 6 21 12 -13 3 6 20

14 -2 5 56 43 -16 1 6 5 2 -12 3 6 230

15 -2 66 4 1 -15 1 6 49 29 -11 3 6 27

-1'7 -1 6 -15 0 -14 1 5 0 7 -10 5 6 13

-16 -1 5 -6 0 -13 1 5 3 9 -9 3 6 506

-15 -1 5 2 0 -12 1 5 139 143 -6 3 6 40-7

-14 -1 66 30 22 -11 1 6 12 21 --7 3 6 915

-13 -1 66 15 13 -10 1 5 24-7 215 -6 3 5 34

-12 -1 5 55 45 -9 1 6 359 2?4 -5 3 6 1015

-11 -1 6 345 260 -B 1 6 9 4 -4 3 6 155

3-10 -1 5 7-7-7 791 -7 1 6 50 50 -3 3 6

0 -11 S 6 77 72 -4 ? 66 753 6640

0 -10 5 6 4 0 -3 ? 6 591 578

1 -9 5 5 -3 0 -2 ? 6 3 0

5 -6 5 6 45 61 -1 ? 6 1 1

248 --7 5 5 25 46 0 ? 6 1323 1348

35 -5 5 5 3 0 ] ? 6 23 17

21 -5 3 6 -7-7 93 2 7 6 5 9

377 -4 3 6 2104 1036 3 7 6 1091 1103

463 -3 3 66 30 14 6 ? 5 3 2

-799 -2 3 66 125 173 5 7 6 3 1

23 -1 5 6 5 5 6 7 6 423 391

449 0 3 66 222 210 7 ? 6 266 23-7

116 1 $ 6 59 49 8 7 6 1,70 164

11 2 5 5 215 230 9 ? 5 127 11,7

-9 -1 6 554 494 -6 1 6 2-7799 2463 -2 3 6 209-7 1619 3 3 6 32-7

-6 -1 6 141 155 -5 1 6 32 25 -1 3 6 4 3 4 5 6 12

--7 -1 6 336 326 -4 1 5 55 6-7 0 3 6 229 166 5 5 6 55

-6 -1 6 1968 2034 -3 1 5 4502 46?9 1 3 6 519 41'7 6 5 6 658

-5 -1 66 1141 14066 -2 1 6 11888 9779 2 3 5 3435 3580 '7 3 5 20

-4 -1 6 13 2 -1 1 6 59 10 3 3 6 40

-3 -1 6 2399 2351 0 1 6 16 35 4 3 6 -1

-2 -1 6 2 $ 1 1 5 6365 5900 5 3 6 0-74

-1 -1 66 3-70 311 2 1 5 23-73 2501 66 3 6 632

0 -1 5 ? 49 3 1 5 451 376 '7 3 6 52

1 -1 5 2133 1966 4 1 6 56 33 0 3 6 34

2 -1 6 150 260 3 1 5 1444 1491 9 3 5 53

3 -1 6 94-7 1138 6 1 6 12 12 10 3 6 11

4 -1 5 1259 1073 7 1 E 86 32 11 3 6 22

5 -1 6 6 23 5 1 6 616 695 12 3 6 64

6 -1 6 1299 1459 3 1 6 63 56 13 3 66 33

'7 -1 6 '71 61 10 1 5 20 33 -16 4 6 12

8 -1 6 530 6602 11 1 5 309 236 -15 4 6 -4

9 -1 6 205 272 12 1 6 166 170 -14 4 6 0

10 -1 6 123 02 13 1 6 ? 0 -13 4 5 5 3

11 -1 6 106 192 14 1 6 --7 11 -12 4 66 -3

12 -1 6 66 ?9 -16 2 5 -3 o -1; 6 • lml
13 -1 6 104 93 -15 2 6 3? 1,7 -10 4 6 266

32 $ $ 6 193

1 9 5 6 51

$3,7 10 S 66 129

593 11 5 5 14

54 12 $ 6 27

42 13 3 5 ?

57 -16 6 6 4-7

4 -15 5 5 17

10 -14 6 5 16

52 -13 5 66 13

32 -12 66 6 239

39 -11 6 66 00

25 -10 5 66 103

10 -9 5 6 52

32 -8 66 6 158

66
-? 66 234

166 -6 66 6 943

19 -5 66 5 45

368 10 ? 6 100 113

23 11 ? 6 25 41

52 12 '7 5 -11 0

533 -16 6 6 6 2
1 -15 9 5 24 22

214 -14 5 5 11 14

60 -13 : 6 12129 -12 5 26 3

3 -11 5 6 -2 2

66 -10 8 5 19 9

22 -9 4 5 3 1

32 -6 5 5 8'72 781

5 --7 8 6 3-75 331

1 -6 6 66 494 39-7

21 -5 9 6 333 303

202 -4 9 6 1432 130,7

60 -3 I 66 ? 2

105 -2 9 6 5 3

41 -1 5 6 9 '7

103 0 5 66 21 6

281 1 5 6 396 655

611 2 5 66 2699 1462

665 3 8 66 86 669

14 -1 6 15 14 -14 2 5 9 26 -9 4 66 17'7

-1'7 0 6 --7 0 -13 2 5 93 i1 -0 4 66 534

-15 0 6 4-7 11 -12 2 66 5 6 --7 4 66 503

-15 0 6 119 125 -11 2 5 438 439 -66 4 66 925

-14 0 6 61 25 -10 2 5 115 149 -5 4 66 -2

-13 o 6 11 1,7 -9 2 6 9 21 -4 4 66 30-12 o , , 4 -662 , 5.5 455 -3 . 66 135
-11 0 6 2?6 273 -? 2 5 2460 2421 -2 4 66 350 420 3 66 66 2-76

-10 0 $ 17 14 -5 2 66 2790 2541 -1 4 • 12 21 4 6 66 216

-9 0 , 132 161 -3 2 ' 168 97 0 4 ' 430 320 5666 729

-0 0 6 249 202 -4 26 512 383 1 4 4 2526 2518 6 66 6 0

-7 0 6 5?4 611 -3 2 6 428? 4390 2 4 66 451 432 7 41 66 5 2

-6 0 6 116 105 -2 2 6 405 425 3 4 66 65,7 704 . 66 6 285

-5 0 6 105 153 -1 2 6 3099 4319 4 4 6 292 305 9 6 66 171

-. 0 , ,94 1062 o 2 6 9 . 3 6 , 2163 2121 lO 66 66 ,,0
-3 0 6 13'7 213 1 2 5 2?5 295 6 4 66 43 660 11 66 6 10,7

-2 0 6 738 1122 2 2 6 239 239 "7 4 66 106 75 12 66 5 9

-1 0 6 551 502 3 2 E 158 289 8 4 6 2 3 -16 ? 6 54

0 0 6 5-7 99 4 2 6 217 227 9 4 66 10 0 -15 7 66 -10

1 0 6 102'7 669 $ 2 6 249 235 10 4 6 133 159 -14 '7 5 -8

143 -4 6 66 -2 0 4 0 6 21 11

444 -3 6 5 1596 1638 3 5 66 472 414

310 -2 66 66 52 93 5 5 6 104 91

979 -1 6 6 451 444 7 5 66 2 2

1 0 66 66 1354 1221 5 O 66 131 121

23 1 66 66 1353 1453 9 8 5 179 198

139 2 6 66 1020 1650 10 0 66 31 3-7

225 11 O 66 -5 1

238 -15 9 66 -17 1

658 -14 9 66 0 14

2 -13 9 66 9 21

65 -12 9 66 1 11

294 -11 9 ££ 11 27

162 -10 9 5 55 79

35 -5 9 • 168 114

99 -5 9 6 ?2 91

33 -7 9 5 445 422

57 -6 9 • 206 108

0 -3 9 5 244 263

0 -4 9 5 105 102
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Table A.3, continued

M K L Oi_ Celt M K L _ Calc H K L Cl_ COl© H g L _ ¢21c H g L Ct_ Calc

2 0 • 5469 5651 6 2 , 1092 1000 11 4 4 133 123 -13 ? • 4 3 -3 , • 130 139

3 0 • 4536 453• ? 2 6 103 114 12 • • 1?

4 0 6 5 10 O 2 6 32 24 13 4 6 -5

S 0 6 102 1?7 9 2 6 117 130 -17 5 • 41

• 0 • 2954 1873 10 2 6 3•2 319 -16 b • 4

? 0 4 4 5 11 2 • 44

4 0 • 52 49 12 2 6 Z6

4 9 6 220 222 -5 12 • 14

5 3 6 234 257 -4 12 4 13

• 3 0 11 23 -3 22 • 14

? 4 6 71 64 -2 12 4 2?

I 9 6 170 163 -1 12 • 11

9 9 6 0 10 0 12 • 19

10 | 0 -? 2 1 12 6 0

11 $ 0 4? • 2 12 6 $

-15 10 6 -10 22 3 12 6 -4

-14 10 6 16 22 4 12 • 55

-13 10 • 6 3 0 12 6 -0

-12 10 0 27 35 6 12 • 11

-11 10 • 62 07 7 13 6 13

-10 10 6 50 37 4 12 0 20

-3 10 0 g ? -12 13 4 24

-0 20 • 231 212 -11 13 6 -3

-? 10 • 08 74 -10 13 6 ?

-6 10 • 4 1 -3 13 0 49

-5 10 6 -3 1 -4 13 0 1

-4 10 6 00 95 -? 13 6 -1

-3 10 0 63 67 -6 13 6 -3

-2 10 6 25 22 -5 13 6 -6

-1 10 0 223 197 -4 13 6 30

0 10 • 337 329 -3 13 6 -4

1 10 • 191 165 -2 13 6 17

2 10 6 406 392 -1 13 6 35

3 10 6 4 10 0 13 6 10
4 10 • 135 115 1 13 6 39

5 10 • 43 41 2 13 6 33

6 10 6 190 197 3 13 6 30

7 10 6 141 122 4 13 0 E

8 10 • 26 29 5 13 6 51

3 10 • 29 14 6 13 • 26

10 10 6 -10 5 -11 14 6 .

-14 11 • 5 12 -10 14 • 21

-13 11 6 1 11 -9 14 6 12

-12 11 • 2 6 -1 14 6 -10

-11 11 • 11 3 -? 14 6 -4

-10 11 6 -5 11 -6 14 6 -6

-9 11 6 9• 11 -5 14 6 31

-1 11 6 2 , 4 14 ' 6

-? 11 • 34 13 -3 14 6 36

-6 11 • 23 26 -2 14 6 10

-5 11 6 18 12 -1 14 6 13

-4 11 • -2 1 0 14 6 60
-3 11 6 105 90 1 14 6 77

-2 11 6 1?8 149 2 14 6 56

-1 11 6 61 66 3 14 6 19

0 11 • 0 3 4 14 6 15

1 11 • 86 99 6 14 6 32

2 11 6 3 4 -10 15 6 2
3 11 • 51 40 -9 15 6 36

4 11 • 6 1 -8 15 6 17

5 11 • 152 173 -7 15 6 0

• 11 • 19 3 -6 15 6 -3

? 11 • 15 5 -5 15 6 19

8 11 • 43 13 -4 15 6 80

9 11 • 1 1 -3 15 6 -?

-13 12 6 -4 0 -2 15 $ 9

-12 12 6 -9 1 -1 15 6 36

-11 12 • 37 14 0 15 6 ?

-20 12 6 15 15 1 15 6 13

-9 12 6 -3 9 2 15 6 31

-1 12 • 35 21 3 15 6 16

-7 12 6 13 20 4 15 6 19

-6 12 6 46 21 5 15 6 32

6-10 ? 6 6 13 -8 ? 29

7-10 7 55 59 14 -4 7 30

0-10 ? 119 ?5 15 -4 ? 17
9-10 ? 5 13 -16 -? ? 11

10-10 ? 108 113 -15 -7 ? 1

3 -12 ? 6 5 1 -2 9 • 23

10 -11 ? 6 23? 101 -1 4 • 309 253

1 -10 ? 6 34 53 0 9 • 24 25

2 -S 7 g 340 291 1 9 • 188 238

66 -15 S 6 37 SO -0 ? • 48 54 2 9 • 107 91

13 -14 b • -1 1 -9 ? 6 1213 1236 3 3 • 206 223

3 6 13 4 3 23 -1-13 ? 15 12 -5-12 ? -3 4

14 -7 16 l 23 1 0-13 ? 1 1 -4-12 ? 170 160

4 -6 16 6 24 • 1-15 ? • 7 -3-12 ? 36 71

25 -3 16 4 34 22 2-13 ? 14 2 -2-12 ? 5 0

24 -4 16 6 -3 3 3-13 ? -3 0 -1-12 ? 90 ??

9 -3 1• • 44 17 4-15 ? 2 9 0-12 7 04 85

1 -2 16 • -10 12 S-lb ? -4 0 1-12 7 33J 321

13 -1 16 6 4? 14 i-13 ? 16 0 2-12 ? 2? 17

1 0 16 4 39 2 ?-15 ? 13 0 3-12 7 4 3

lO 1 16 6 S3 8 1-15 ? 4 0 4-13 ? 6 1

2 2 11 6 -1 14 •-15 ? -1 0 5-12 7 41 49

32 3 16 • -17 1 10-15 ? -2 1 6-12 ? 39 15

• 4 11 4 -21 9 21-15 ? -4 2 7-12 ? 37 90

8 -3 17 • -10 3 12-15 ? -3 1 0-12 ? 13 4

15 -2 17 4 -11 0 -1-14 ? S 3 9-12 7 9 14

3 -1 17 6 -10 4 -?-14 ? 15 14 10-12 ? 14? 122

0 0 17 g -6 13 -1-14 ? 4 • 11-12 7 0 2

30 -2-11 ? 11 2 -5-14 ? -3 6 12-12 7 • 0

22 -1-11 1 -15 0 -4-14 ? 4 1 13-12 ? 8 14

0 0-11 7 -S 3 -3-14 ? 2 4 14-12 7 5 O

2 1-11 7 -11 • -2-14 ? 1 ? -12-11 ? 11 23

10 2-11 ? 3 3 -1-14 ? 12 14 -11-11 ? 2 4

2? 3-18 ? 9 1 0-14 ? 9 10 -10-11 ? -5 •

? 4-11 ? 31 9 1-14 ? 29 34 -9-11 7 0 0

15 5-18 7 -6 11 2-14 ? 52 4? -$-11 ? 43 36

38 6-14 7 -14 1 3-14 7 13 • -7-11 ? -3 0

3 ?-10 ? 34 1 4-14 7 3 5 -6-11 7 71 71

43 8-11 ? 9 0 5-14 7 -4 1 -5-11 ? 53 47

46 9-11 ? 0 0 6-14 7 2 6 -4-11 ? 5 •

2? -3-17 7 14 9 7-14 ? 9 0 -3-11 7 5 8

0 -2-17 ? -8 2 1-14 ? 1 7 -2-11 ? 22 17

2? -1-17 ? 33 • 3-14 7 13 8 -1-11 7 83 71

2• 0-17 7 -2 4 10-14 7 6 13 0-11 ? 118 90
0 1-17 ? 3 4 11-14 ? 2 1 1-11 ? 337 347

8 2-17 ? 3 2 12-14 7 -6 ? 2-11 ? 616 565

22 3-17 7 1 b 13-14 7 5 1 3-11 ? 1 2

0 4-17 7 5 2 -10-13 ' -7 0 4-11 7 51 50

4 5-17 7 -7 4 -3-13 7 23 13 5-11 7 336 218

8 •-17 7 30 14 -3-13 ? 7 0 6-11 ? 136 139

32 7-17 7 23 5 -7-13 7 9 42 ?-11 ? 3 11

15 1-17 ? 1 0 -6-13 7 62 42 8-11 7 11 2?

16 9-17 7 16 1 -5-13 ? 55 43 9-11 7 227 234

15 10-17 ? 0 5 -4-13 ? 0 2 10-11 ? 13 3

2 11-17 7 -3 1 -3-13 ? 46 43 11-11 ? 11 46

64 -4-16 ? -5 2 -2-13 ? 224 190 12-11 7 38 23

43 -3-16 7 -1 4 -1-13 7 0 3 13-11 ? 21 23

35 -2-16 7 19 13 0-13 7 25 21 14-11 ? -? 1

3 -1-16 ? -3 1 1-13 ? 159 132 -13-10 ? -9 9

• 0-16 ? 9 13 2-13 ? 49 60 -12-10 7 1 1

4 1-16 ? 12 6 3-13 ? 30 15 -11-10 7 20 0

3 2-16 7 12 3 4-13 7 0 1 -10-10 ? 82 75

18 3-16 7 -3 0 5-13 ? 40 30 -9-10 7 75 04

40 4-16 ? 17 2 6-13 ? 24 12 -8-10 ? 25 22

28 5-16 ? -4 11 ?-13 ? 3 0 -?-10 ? 173 174

4 6-16 7 -4 0 8-13 ? 15 13 -6-10 ? 62 52

O ?-16 7 4 3 9-13 ? 5 9 -5-10 ? 98 11

59 8-16 ? ? • 10-13 ? -5 0 -4-10 ? -1 2

0 9-16 ? -4 3 11-13 7 8 12 -3-10 ? 42 46

21 10-15 7 -2 1 12-13 ? 20 S -2-10 ? 34 32

41 11-16 ? -1 3 13-13 7 -9 4 -1-10 ? 83 53

22 12-16 ? 22 5 -11-12 ? 19 2 0-10 ? •28 640

1 -6-15 ? 5 0 -10-12 7 1 • 1-10 ? 1013 059

9 -5-15 ? 5 0 -9-12 ? 2 5 2-10 ? 43 61

30 -4-15 ? 25 51 -8-12 ? 4 3 3-10 7 21 9

3 -3-15 ? 19 11 -7-12 ? 57 83 4-10 ? 94 84

13 -2-15 7 -1 3 -6-12 7 27 23 5-10 ? 156 141

11 15 -6 7 64 23 -15 -3 7 30 20 -15 -1 ? 73 79

20 -16 -5 7 20 0 -14 -3 ? ? 1 -14 -1 7 20 20

23 -15 -5 7 ? 3 -13 -3 ? 39 23 -13 -1 7 69 31
o -14 -5 ? 31 11 -12 -3 7 -5 1 -12 -1 ? 30 15

12 -13 -5 ? 11 17 -11 -3 ? 97 21 -11 -1 ? 922 860

9

31

469

75

358

3O

11-10 7 5

12-10 7 2

13-10 7 -1

14-10 ? 21

-14 -9 ? 18

-13 -9 ? 12

-12 -9 ? 11

-11 -9 ? 39

-10 -9 ? 26

-9 -9 7 9

-1 -9 1 13

-7 -9 7 422

-6 -9 ? 12)

-b -9 7 174

-4 -9 ? 6

-3 -9 ? 160

-2 -9 7 46

-1 -9 ? 365

0 -8 ? 41

1 -9 ? 252

2 -9 7 549

3 -8 7 176

4 -9 ? 229

5 -9 ? 2

• -9 7 90

? -9 ? 23

2 -14 -7 7 4 10 -12 -5 ? -4 0 -10 -3 ? 408 401 -10 -1 ? 8

2 -13 -7 7 -6 1 -11 -$ ? 21 27 -9 -3 ? 59 44 -9 -1 ? 57

4 -12 -7 7 2 10 -10 -b ? 237 219 -6 -3 7 135 191 -6 -1 7 402

41 -11 -7 ? 39 45 -9 -5 ? 16 14 -7 -3 ? 154 212 -? -1 ? 68

4 -10 -7 ? 104 94 -8 -5 7 35 31 -6 -3 ? 1 2 -6 -1 ? 339

0 -9 -7 7 24 15 -? -b ? 483 604 -5 -3 ? 1422 1610 -5 -1 ? 1317 1565

24 -1 -7 ? 40 38 -6 -5 ? 2? 18 -4 -3 ? 272 179 -4 -1 ? 356 336

56 -7 -7 ? 570 $30 -5 -b 7 560 660 -3 -3 7 43 46 -3 -1 ? 120 108

29 -6 -? 7 142 130 -4 -5 7 316 380 -2 -3 7 1568 1756 -2 -1 7 785 034

? -5 -? ? ' 14 -3 -3 ? 4 3 -I -3 ? 1037 1068 -I -1 ? 4221 3822

83 -4 -7 ? 807 706 -2 -5 ? 5 3 0 -3 7 0 1 0 -1 7 671 780

332 -3 -7 ? 185 245 -1 -5 7 360 343 1 -3 7 833 766 1 -1 7 1171 1282

137 -2 -7 7 32 16 0 -5 ? 239 337 2 -3 7 34 34 2 -1 ? 2454 2276

150 -1 -7 ? 472 306 I -5 7 623 471 3 -3 7 285 316 3 -1 ? 1002 869

1 0 -7 ? 123 159 2 -5 ? 75 30 4 -3 ? 2218 2137 4 -1 ? 39 37

120 1 -? 7 41 21 3 -5 7 423 289 5 -3 7 406 397 5 -1 ? 200 257

71 2 -7 7 690 553 4 -5 7 3801 3546 • -3 7 10 37 6 -1 ? 137 153

322 3 -? ? 142 161 5 -5 ? 652 662 7 -3 7 49 77 7 -1 ? 216 212

36 4 -7 7 594 449 6 -S 7 121 111 6 -3 7 5• 40 • -1 7 127 I00

269 5 -? ? 30 37 7 -5 7 449 398 9 -3 7 64 59 9 -1 7 277 279

403 6 -7 7 53 51 • -5 7 214 204 10 -3 7 1 2 10 -1 7 164 143

179 7 -7 7 -1 7 9 -5 7 5 0 11 -3 7 65 54 11 -1 ? 80 101

213 8 -7 7 394 362 10 -5 ? 491 443 12 -3 7 170 144 12 -1 ? 160 159

1 9 -7 ? 142 144 11 -5 7 235 221 13 -3 7 17 2? 13 -1 ? 57 39

96 10 -? ? 27 32 12 -5 ? 35 19 14 -3 ? 27 3? 14 -1 ? 19 9

24 11 -? ? 229 128 13 -5 ? -4 2 15 -3 ? -5 3 -16 0 7 17 1
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Table A.3, continued
H K h Obs C, s1¢ H K L _ Ca1¢ N K _ (Nne Cale M I L Gt_ Calc H K b Obs Cttl¢

................................................

0-_ 7 20 6 22-7 7 3 9 14-s _ 02 _6 -1_-2 7 21 3 -20 0 _ -0 0
g-9 7 z2 21 33-_ 7 e 24 16-5 _ 0 s -16-2 7 -8 2 -24 o _ 30 94

10 -9 7 7 6 14 -7 7 18 37 -16 -4 7 11 1 -IS -3 7 16 20 -33 0 7 143 107

11 -9 7 1 19 13 -7 7 1 2 -15 -4 7 30 25 -14 -2 7 17 19 *12 0 7 212 220

12 -9 7 2 4 -16 -6 7 30 12 -14 -4 7 110 68 -13 -2 7 1 14 -11 0 7 30 20

13 -9 ? 35 31 -13 -6 7 13 1 -13 -4 7 ? O -12 -2 7 -0 2 -10 0 7 325 259

14 -9 7 15 14 -14 -6 ? -3 2 -12 -4 7 104 120 -11 -2 7 47 33 -9 0 7 233 113

-13 -0 7 -10 11 -13 -6 ? 14 11 -11 -4 7 230 190 -10 -3 7 724 657 -0 0 ? 8 31

-14 -0 7 -8 0 -12 -6 7 43 30 -10 -4 7 43 S? -0 -2 7 35 33 -7 0 7 138 203

-13 -9 7 64 62 -11 -6 7 125 85 -0 -4 7 10 11 -| -2 7 110 104 -4 0 7 213 160

-12 -3 7 30 26 -10 -6 ? 4 2 -8 -4 7 210 106 -7 -2 7 1726 1660 -S 0 7 10 43

-11-0 7 2 6 -9 -6 7 123 03 -7 -4 7 521 528 -6 -2 7 275 267 -4 0 7 401 09210. 7 92 . 5-, 7 634 412 , 9 7 675 9,0 °5 2 7 22 1 3 0 7 081 521
-9 -8 7 98 84 -7 -6 ? 4 0 -S -4 7 49 47 -4 -2 ? 1537 1652 -2 0 7 2909 3208

-0 -8 7 421 307 -0 -6 7 141 111 -4 -4 ? 741 015 -3 -3 7 305 505 -1 0 7 -2 •

-7-. 7 13 11 -5-6 7 34 27 -3-. ? 070 .17 -2-2 7 372 431 0 0 7 407 3,0
-0-3 7 17 0 -0-6 7 3. 369 -2-. 7 32 ]7 -1-2 7 937 1266 1 0 7 4779 0600
-s-0 ? 1o _0 -3-t 7 28 24 -1-6 7 n32 ;297 o-= • 93 67 2 o 7 5431 0750
-4 -3 7 276 295 -2 -, 7 1124 1280 0 -9 7 1301 1186 I -2 _ 0. 181 3 0 7 62 96
-3 -. 7 320 _56 -1 -. 7 423 380 1 -4 ? 17 11 2 -2 7 2?5 383 4 0 7 313 654
-2-5 7 341 3o6 0-6 7 64 61 2-9 7 7_1 ,34 3-z 7 12 19 5 o 7 04 41
-1-0 7 31 30 1-6 7 451 422 3°4 7 090 036 4-2 7 57 238 0 0 7 10 1

0 -5 7 140 172 2 -6 7 204 123 4 -4 7 1054 1585 S -2 ? 57 08 ? 0 7 348 410

1 -8 7 747 070 3 -6 7 133 115 S -4 7 2520 2500 6 -2 7 106 81 | 0 7 57 34

2 -8 7 275 310 4 -6 7 -1 0 6 -4 7 245 215 ? -2 7 1036 992 9 0 7 99 117

3 -5 7 5 0 S -6 ? 1075 1156 7 -4 7 670 631 8 -2 7 90 60 10 0 7 239 215

4 -8 7 307 205 6 -S 7 400 410 8 -4 7 44 54 9 -2 7 109 61 11 0 ? 160 144

5 -8 7 577 513 ? -6 7 24 29 9 -4 7 263 269 20 -2 7 149 182 12 0 ? 59 102

0 -8 7 556 560 8 -6 7 053 041 10 -4 7 424 309 11 -2 7 34 30 13 0 ? 26 23

7 -0 7 99 91 9 -6 7 450 409 11 -4 7 18 12 12 -2 7 2 1 14 0 7 62 01

8 -8 7 57 63 10 -6 ? 307 352 12 -4 7 57 62 13 -2 7 114 111 -18 1 ? 3 0

0 -8 7 15 10 11 -6 ? 0 11 13 -4 ? 329 207 14 -2 7 6 1 -15 1 7 54 45

10 -0 7 14 6 12 -6 7 30 26 14 -4 7 18 23 15 -2 7 60 47 -14 1 7 63 45

12 -8 7 6 10 13 -6 ? 96 67 15 -4 7 41 0 -17 -1 7 -11 1 -13 1 7 33 19

12 -8 7 17 5 14 -6 ? 0 0 -16 -3 7 34 3 -16 -1 7 9 10 -12 1 ? 6 21

-11 1 ? 286 326 -4 3 ? 1275 1134 0 5 ? 481 510 8 ? 7 88 53 -5 •0 ? 40 46

-10 1 ? 30 5 -5 3 7 41 25 1 5 7 2309 2022 9 7 7 51 01 -4 10 7 19 0

-9 1 ? 99 127 -4 3 ? 325 360 2 $ 7 1210 1345 10 7 7 2 1 -3 10 ? 91 76

-8 1 7 475 494 -3 3 ? 201 190 3 S 7 107 218 11 7 7 63 53 -2 10 7 183 163

-7 1 7 589 541 -2 3 ? 6? 25 4 5 7 2810 2612 -15 5 7 10 9 -1 10 7 14 4

-6 1 7 63 72 -1 3 ? 65 111 5 5 7 2487 2349 -14 5 ? 89 56 0 10 7 5 5

-5 1 ? 1234 1281 0 3 ? 29 72 0 5 ? 395 327 -13 5 7 26 13 1 10 7 382 352

-4 1 7 750 911 1 3 ? 782 654 7 5 7 467 482 -12 8 ? 24 13 2 10 7 0 2

-3 1 ? 1082 1144 2 3 ? 571 117 8 5 7 378 311 -11 8 7 16 37 3 10 ? 18 32

2 , 7 618, 5472 3 3 ? 1442 160] , 5 ? 115 14210 . 7 147 110 410 ? 18, 187
i ? 3988 3962 4 3 7 716 645 10 5 7 194 172 -9 8 7 26 42 5 10 7 59 99

O 1 7 1525 1503 5 3 ? 64 60 11 5 7 72 75 -5 5 7 22 31 0 10 7 8 11

1 1 7 1389 1442 6 3 ? 6 8 12 5 7 12 43 -7 9 7 923 887 ? 10 7 42 36

2 1 7 3 3 7 3 7 334 276 -16 0 ? -10 8 -6 0 7 -4 4 0 10 7 18 20

3 1 7 225 360 8 3 ? 29 28 -15 6 ? 20 23 -5 ' 7 4 ? 910 7 9 )

4 1 ? 407 397 9 3 7 49 56 -14 6 ? 18 21 -4 5 7 6 22 -13 11 7 o10
1

5 1 ? 274 273 10 3 ? 481 481 -13 6 7 11 0 -3 5 ? 249 230 -12 11 ? 0 5

6 1 ? 458 476 11 3 7 40 35 -12 6 7 33 20 -2 8 7 15 8 -11 11 7 19 12

7 1 7 470 430 12 3 ? ? 5 -11 6 7 271 253 -1 8 7 43 47 -10 11 ? 35 11

1 7 131 156 13 3 ? 33 34 -10 6 7 21 14 0 5 7 78 68 -9 11 7 0 01 7 82 54 -16 4 7 19 0 -9 6 7 222 240 1 O 7 6 S -8 13 7 70 52

10 1 ? 286 307 -15 4 ? 37 13 -8 6 7 24 21 2 8 ? 1972 1808 -7 11 7 ? 21

11 1 ? 32 33 -14 4 7 -6 3 -? 0 7 976 947 3 0 7 19 22 -6 11 7 16 20

12 1 7 21 15 -13 4 7 24 4 -6 6 ? 29 33 4 8 7 227 212 -5 11 7 5 0

13 1 7 270 244 -12 4 7 142 129 -5 6 7 20 7 5 8 7 4 2 -4 11 7 35 40

14 1 7 193 221 -11 4 ? 46 62 -4 0 7 535 493 5 9 7 69 63 -3 11 7 164 167

-16 2 ? -1 4 -10 4 7 188 185 -3 6 7 1 3 ? 8 7 183 188 -2 11 ? 40 54

-15 2 ? 16 0 -9 4 7 92 101 -2 6 ? 294 256 8 8 ? 14 10 -1 11 ? 217 203

-14 2 ? 1 3 -8 4 ? 42 34 -1 6 7 208 214 8 8 7 5 5 0 11 7 173 170

-13 2 7 14 11 -7 4 7 346 373 0 6 7 665 622 10 8 7 21 33 1 11 7 11 10

-12 2 7 5 24 -6 4 7 30 20 1 6 7 100 132 11 8 7 13 5 2 11 7 23 7

-11 2 ? -4 1 -5 4 7 230 177 2 6 7 1940 1967 -15 9 ? 21 7 3 11 7 80 65

-10 2 ? 202 165 -4 4 ? 23 50 3 6 ? 3055 2728 -14 9 7 1 3 4 11 ? 143 137

-9 2 ? 308 318 -3 4 7 17 2 4 6 7 1641 1547 -13 9 7 11 11 5 11 ? 3 6

-8 2 7 162 153 -2 4 7 431 549 5 6 7 231 227 -12 9 7 19 13 6 11 7 120 123

-7 2 7 201 212 -1 4 7 769 678 6 6 ? 5 2 -11 9 7 40 39 7 11 7 59 54

-6 2 ? 471 407 0 4 ? -1 6 7 6 7 276 216 -10 9 7 10 1 8 11 7 5 2

-5 2 ? 203 228 1 4 7 746 893 O 6 7 0 2 -9 9 7 29 13 9 11 7 25 23

-4 2 7 31 27 2 4 7 557 514 9 6 ? 121 126 -8 9 ? 254 249 -13 12 7 -3 10

-3 2 ? 833 808 3 4 7 264 228 10 6 7 217 224 -7 8 ? 19 14 -12 12 7 15 32

-2 2 ? 2109 2032 4 4 7 74 93 11 6 7 31 14 -6 8 ? 19 21 -11 12 7 -7 1
5

-1 2 ? 809 742 5 4 7 181 152 12 6 ? 16 21 -5 9 7 39 34 -10 12 ? 6

0 2 ? 24 14 6 4 ? 723 626 -16 7 ? 25 6 -4 8 7 22 2 -9 12 7 58 60

1 2 ? 653 829 ? 4 7 25 32 -15 7 7 D 11 -3 8 ? 10 15 -8 12 ? 40 17

2 2 ? 1664 1592 8 4 7 5 3 -14 7 7 6 1 -2 9 ? 274 207 -7 12 ? 42 30

3 2 7 3? 30 9 4 7 235 243 -13 7 ? 5 25 -1 0 7 42 33 -6 12 ? 61 70

4 2 ? 881 576 10 4 7 68 54 -12 7 7 5 23 0 9 ? 251 232 -3 12 ? 138 120

5 2 7 209 238 11 4 7 41 65 -11 7 7 14 7 1 9 ? 115 97 -4 12 ? 43 63

6 2 ? 93 123 12 4 7 21 Zl -10 ? ? 242 250 2 9 ? 22 26 -3 12 ? 9 2

? 2 7 545 568 13 4 7 41 14 -9 ? ? 39 45 3 9 ? 8 8 -2 12 ? 121 103

8 2 ? 14 4 -15 5 ? 130 48 -O 7 ? 125_ 1032 4 9 7 23 30 -1 12 7 25 21

9 2 ? 97 103 -15 5 ? -5 5 -7 7 7 290 251 5 9 ? 206 186 0 12 7 3 0

10 2 7 8 39 -14 5 7 4 22 -6 7 ? 278 270 6 9 ? 93 87 1 12 7 112 112

11 2 ? 35 54 -13 5 7 38 38 -5 7 7 314 253 7 0 7 5 5 2 12 7 119 101

12 2 ? 70 69 -12 5 7 130 139 -4 7 7 130 127 8 9 7 -1 1 3 12 7 39 22

13 2 7 33 37 -11 5 7 196 228 -_ 7 7 101 117 9 9 ? 37 39 4 12 7 21 26

-1, 3 ? 3, 30-10 _ 7 1053 531 :: _ _ 517 481 10 , , -11 , 112 _ 73 ,?
-15 3 7 40 _2 -9 7 709 752 34 29 -14 10 7 2? 12 49 36

-14 3 ? 17 12 -8 5 7 2000 1715 0 ? ? 41 55 -13 10 ? ? 31 ? 12 7 19 5

-13 3 7 92 07 -7 5 7 15 13 1 7 7 2023 247? -12 10 7 -3 10 8 12 7 -12 8

-12 3 ? 0 1 -6 5 7 50 47 2 7 ? 538 550 -11 10 7 33 8 -12 13 ? -11 3

-11 3 ? 185 151 -5 5 7 32? 275 3 7 ? 188 194 -10 10 7 50 45 -11 13 ? 40 2

-10 3 7 3? 26 -4 5 7 164 181 4 7 7 15 16 -9 10 7 94 62 -10 13 7 -5 5

-9 3 ? 8 8 -3 5 7 433 385 5 ? ? 23 13 -8 10 7 8 2 -9 13 7 24 ?

-5 3 ? 216 2?6 -2 5 7 1559 1355 6 7 7 34 28 -7 10 7 58 58 -8 13 7 34 3

-7 3 7 531 485 -1 5 7 5 12 ? 7 7 22 36 -6 10 7 175 161 -7 13 ? 23 6

-6 13 7 -5 1 7-10 6 12 0 -9-13 8 24 10 5-11 O 20 38 -9 -8 0 11 6

-5 13 ? 19 0 -2-17 6 -15 3 -8-13 8 15 16 9-11 8 32 47 -8 -8 8 13 10

-4 13 7 13 15 0-17 0 0 12 -7-13 e 30 12 10-11 8 36 31 -7 -8 8 37 25
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Table A.3, continu_
H K L CtxP Cmlc N K h Ohm Calc H K L Ot_ C4tlc H R h Gt_ Calc H g L OI0m Calc

..................................................

-3 13 7 1 • 1-17 8 34 24 -6-13 8 1 0 11-11 8 9 0 -• 8 • 289 238

-2 13 7 13 14 2-17 8 39 19 -3-13 8 87 31 12-12 8 3 0 -3 -8 0 •so 434
-1 13 7 80 43 3-17 m -3 0 -•-13 o 10 21 13-11 o -1 7 -4 -s 0 313 333

0 13 7 84 00 •-17 9 26 10 -3-13 8 32 42 -12-10 8 15 22 -3 8 8 59 30

1 13 7 81 62 5-17 8 -1 7 -2-13 i 15 13 -11-10 8 26 8 -2 -0 0 148 87

2 13 ? 8 1 8-17 9 3 0 -1-13 8 37 38 -10-10 8 -4 2 -1 -8 8 $ 8

3 13 7 4 22 7-17 8 28 1 0-13 8 320 340 -9-10 8 10 18 0 -8 0 50 20

4 13 7 17 18 $-17 l 16 1 1-13 8 I 18 -0-10 8 72 47 1 -8 8 35 22

S 13 7 24 1 8-17 8 -1 1 2-13 8 13 18 -7-10 8 -1 7 2 -8 8 47 48

8 13 7 43 48 10-17 8 -2 0 3-13 8 14 20 -6-10 8 48 55 3 -8 8 2•8 242

-10 14 7 37 4 11-17 9 17 • •-13 9 14 11 -3o10 8 -2 1 • -8 | 170 184

-8 14 7 26 7 -2-14 8 -3 0 5-13 I S 7 o4-10 8 -1 1 3 -8 8 223 214

-8 14 7 23 15 -1-18 l 27 19 $-13 • $1 58 -3-10 8 3 1 8 -8 8 0 2

-7 14 7 1 0 0-16 9 17 23 7-13 8 12 12 -2-10 • 38 41 7 -8 0 183 18 3
-6 14 7 -3 1 1-16 8 S 7 8-13 8 1 3 -1-10 8 101 108 • -8 8 108 170

-5 14 7 18 38 2-16 9 -3 1 9-13 $ 21 20 0-10 e 178 208 8 -8 9 103 103

-4 14 7 59 62 3-18 9 0 7 10-13 I 16 18 1-10 9 881 811 10 -8 8 211 194

-3 14 7 11 11 4-16 8 $ 1 11-13 0 -• 1 2-10 8 504 303 11 08 | 97 87

-2 14 7 109 101 3-16 2 0 1 12-13 8 6 4 3-10 9 74 70 12 -8 8 15 7
-1 14 7 80 101 4-14 9 S 2 13-13 8 -22 8 8-10 • 8 10 13 -8 8 17 19

0 14 7 1• 2; 7-14 * • 1 -10-12 * 4 2 3-10 8 4 3 1• -8 8 32 33
1 14 7 -2 3 4-18 8 -2 1 -8-12 e 34 41 8-10 • 185 152 -15 -7 8 33 4

2 14 7 8 lO 8-1• o 1o o -*-12 * 13 10 7-10 8 8 2 -14 -7 8 1 8
3 14 7 10 24 10-14 I 20 2 -7-12 I -1 0 i-10 • 20 24 -13 -7 8 10 1 8

4 14 7 41 3 11-14 9 -4 1 -6-12 8 84 100 8-10 • 106 119 -12 -7 8 49 46

3 14 7 7 17 -3-13 9 -4 3 -3-12 8 67 71 10-10 8 7 2 -11 -7 8 6 1

• 14 7 -18 10 -•-13 O 0 0 -4-12 8 14 11 11-10 8 -3 0 -10 -7 8 31 36

-9 13 7 33 8 -3-13 O 15 7 -3-12 8 183 174 12-10 8 15 14 -8 -7 8 288 281

-0 13 7 -4 4 -2-15 8 20 21 -2-12 9 234 220 13-10 9 23 31 -8 -7 8 32 31

-7 13 7 3 0 -1-13 8 -2 2 -1-12 8 148 131 14-10 8 32 3 -7 -7 9 13 26

-6 15 7 32 3 0-15 2 4 1 0-12 8 56 58 -13 -8 8 24 9 -6 -7 8 307 294

-5 15 ? -4 11 1-15 O 9 1 1-12 8 574 537 -12 -8 6 24 23 -5 -7 8 203 173

-4 13 7 -5 4 2-13 O -2 1 2-12 8 36• 315 -11 -8 O 8 3 -4 -7 8 133 157

-3 15 7 11 27 3-15 5 S 4 3-12 8 7 9 -10 -8 i 52 43 -3 -7 8 381 371

-2 13 7 28 28 4-13 | 0 2 •-12 8 28 44 -9 -8 • 181 173 -2 -7 8 712 709

115, 2 10 515 . 1. , 512 . 144 132 . ,. , , 1 7 . .•3 7,0
o 15 7 5 0 6-15 2 11 8 6-12 4 21 17 -7 -8 0 34 39 0 -7 9 43 38

I 15 7 32 12 7-15 9 7 4 7-12 8 •0 58 -• -9 0 78 71 1 -7 8 •29 773

2 13 7 -4 3 .-is . -5 0 8-12 8 84 74 -3-8 0 519 4,7 2-7 9 430 414
1 9-15 9 28 3-7 9 2 o316 7 13 15 1 ,-12 . 31 •2 -9-8 . 26

• 23 7 _4 10 i0-15 . 4 0 10-12 8 12 21 -3 -8 , 325 271 • -v , 23 29
b 15 7 17 2 11-15 8 -1 10 11-12 8 28 11 -2 -9 | 57 63 5 -7 8 185 165

• 15 7 -19 0 12-15 8 18 16 12-12 8 19 9 -1 -8 8 30 33 6 -7 9 227 201

-6 14 7 23 0 -7-14 8 7 3 13-12 • -6 2 0 -9 • 130 107 7 -7 O 734 714

-3 14 7 -22 8 -6-14 8 39 34 -11-11 8 4 26 I -9 9 34 49 9 -7 8 461 453

-4 16 7 45 11 -5-14 8 1 0 -10-11 8 59 32 2 -9 O 363 310 9 -7 I 206 106

-3 16 7 -7 1 -4-14 8 4 2 -9-11 8 45 b• 3 -8 t -1 1 10 -7 8 112 109

-2 16 7 -14 0 -3-14 8 26 28 -8-11 8 -1 2 4 -9 8 9 3 11 -7 9 4• 26

-1 16 7 -4 7 -2-14 8 7 1 -7-11 6 13 13 5 -9 8 233 236 12 -7 9 27 50

0 16 7 13 22 -1-14 8 13 9 -6-11 8 121 104 4 -9 8 48 31 13 -7 8 34 34

1 16 7 19 2 0-14 8 -1 1 -5-11 8 44 30 7 -9 8 1 1 14 -7 8 29 0

2 16 ? -6 7 1-14 8 22 35 -4-11 8 53 37 8 -8 8 62 64 -14 -• 8 -10 0

3 14 7 0 21 2-14 9 41 38 -3-11 6 173 172 9 -9 8 O 16 -15 -6 8 1 1

4 16 7 18 • 3-14 8 S 0 -2-11 8 17 13 10 -9 8 16 30 -14 -8 8 19 19

-2-10 8 18 0 4-14 9 -$ 1 -1-11 8 73 85 11 -9 8 0 2 -13 -6 8 -3 1

-1-19 8 -2 1 5-14 9 18 9 0-11 8 757 629 12 -8 8 19 8 -12 -6 9 9 22

0-18 8 -11 1 6-14 8 12 2 1-11 8 25 34 13 -8 0 -4 0 -11 -6 6 112 105

1-10 8 18 0 7-14 8 • 0 2-11 6 13 14 14 -9 8 12 18 -10 -8 8 177 181

2-18 8 -12 1 1-]4 8 8 6 3-11 8 115 94 -14 -8 8 13 13 -9 -6 8 27 42

9 9-14 . 7 3 4-118 20 13-13-'' 11 1-.-88 152 107

2 10-14 8 12 4 5-11 8 36 44 -12 -88 7 18 -7 -6 8 418 345

0 11-14 8 2 8 6-11 8 66 77 -11 -8 8 111 81 -6 -6 6 989 1034

2 12-14 8 12 1 7-11 8 116 91 -10 -8 8 13 33 -5 -6 8 27 42

3 0 -4 8 206 210 3 -2 • 24 33 6 0 8 481 439 12 2 • 16 23

32

4

8

8

19

171

6

96

282

1

224

103 12 -4 • 76 -17 -1 • -11 2 14 -6 3 • 935 832

121 13 -4 8 13 6 -]6 -1 • 26 5 -11 1 • 71 45 -5 3 8 138 124

372 14 -4 $ 22 20 -15 -1 8 -$ 14 -10 1 8 142 110 -4 3 6 83 114

279 -38 -3 8 -6 3 -14 -1 8 58 50 -8 1 • 108 103 -3 3 8 537 579

10 -15 -3 8 107 63 -13 -1 • S• 54 -• 1 • 79• 853 -2 3 8 •94 910

19 -14 -3 8 86 72 -12 -1 • 131 130 -7 1 • 91 47 -1 3 8 193 286

32 -13 -3 8 -5 2 -11 -1 9 54 39 -6 1 8 2117 2127 0 3 8 2•3 2•9

3 -12 -9 • 11 0 -10 -1 8 154 176 -5 1 • 6 29 1 3 8 34• 427

1 -11 -3 9 71 40 -9 -1 • 11 9 -4 1 9 47 22 2 3 8 3158 2901

0 -10 -3 8 42 28 -• -1 9 234 229 -3 1 • 174 165 3 3 8 3 3

9 -9-3 . 99 8• -7-i . 217 134 -2 1 • -1 3 • 3 . 235 2,
54 -• -3 8 279 214 -6 -1 8 730 868 -1 1 • 425 354 S 3 • 375 3•7

15 7 3. 238 1.8 5 1 . 701 .01 0 1 . 2.5 ,95 8 3 . 20 ,
1 -6 -3 8 227 250 -4 -1 8 57 27 1 1 9 2290 2140 7 3 8 74 72

125 -5 -3 8 44 76 -3 -1 8 2068 2284 2 1 • 157 203 8 3 $ 306 301

203 -4 -3 ' 9 8 -2 -1 • 3 2 3 1 • 1033 1040 • 3 8 176 20•

206 -3 -3 9 64 94 -1 -1 • 2413 2337 4 1 O 70 71 10 3 8 -3 2

14 -2 -3 8 409 444 0 -1 8 257 339 5 1 8 124 144 11 3 • 100 9 3

305 -1 -3 8 1426 1427 1 -1 8 •74 410 8 1 8 63 62 12 3 8 97 85

640 0 -3 9 1010 1159 2 -1 • 260 331 7 1 8 47 37 -16 4 8 27 31

0 I -3 $ 62 72 3 -1 8 455 818 • 1 • 27 21 -15 4 • 2 •

45• 2 -3 8 119 101 4 -1 8 117 90 9 1 • 121 105 -14 4 • 39 34

152 3 -3 8 719 894 5 -1 8 273 337 10 1 • 8 25 -13 4 8 23 10

11 4 -3 8 22 42 6 -1 8 875 948 11 1 • 304 2?0 -12 4 8 27 17

10 53. 2 5 , i . 3•2 30• 121 . 22 33 11 • . 338 305
780 6 -3 • 1784 1754 • -1 9 3 4 13 1 • -4 0 -10 4 9 606 391

472 7 -3 8 209 290 9 -1 8 166 172 -14 2 • 22 4 -9 4 8 2133 1834

134 9 -3 8 174 229 10 -1 8 373 354 -15 2 • 54 53 -9 4 8 3842 3600

725 9 -3 8 53 44 11 -2 8 27 43 -14 2 • 16 14 -7 4 8 9 18

3-14 8 2?

4-14 • -6

5-14 • -11

6-14 • 1

-4 -6 8 2

-3-• • 1394 1145 1-4 8 4•6 813 4-2 s 96 is 7 0 8 180 13• 13 2 9 21
-2 -6 • 35 13 2 -4 8 1424 1329 5 -2 • 100 123 8 0 8 10 7 -16 3 8 35

-1 -6 8 98 171 3 -4 • 244 235 6 -2 • 21 21 9 0 • ]•3 164 -15 3 8 -14

0 -6 9 1478 1297 4 -4 8 972 1012 7 -2 • 43 42 10 0 • 2•• 301 -14 3 8 13

1 -6 • 46 63 3 -4 8 495 430 9 -2 9 -1 • 11 0 • 0 0 -13 3 8 -5

2 -6 • 135 201 • -4 8 310 299 9 -2 • 0 3 12 0 8 ]15 95 -12 3 8 214

3 -8 • 1238 1121 7 -4 8 220 225 10 -2 • 21 27 13 0 • 47 56 -11 3 B 4

4 -6 8 721 695 • -4 8 282 272 11 -2 • 202 192 -16 1 8 31 11 -10 3 8 99

5 -8 8 117 92 9 -4 8 58 28 12 -2 • 157 146 -15 1 • 19 1 -9 3 8 289
6 -6 8 5•5 593 10 -4 8 IS• 70 13 -2 8 25 25 -14 1 • 88 ?0 -6 3 8 13

? -6 6 427 410 11 -4 3 126 9? 14 -2 • 16 14 -13 1 8 79 89 -7 3 8 214

• -6 8 118 66 6 -12 1 8

9 -8 8 139

10 -6 8 372

11 -6 8 310

12 -6 • 16

13 -6 • 20

14 -6 8 57

-16 -5 8 -7

-15 -5 8 8

-14 -5 8 O

-13 -3 • •

-12 -3 8 82

-31 -5 • 9

-10 -3 • -3

-9 -5 • 112

-• -3 9 209

-7 -3 O 197

-6 -5 O 12

-5 -S 8 503

-4 -3 8 695

-3 -5 8 5

-2 -S 8 3••

-1 -5 8 190

0 -3 8 4

1 -3 8 18

2 -$ 8 791

3 -5 • 424

4 -3 • 126

5 -5 O 823
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Table A.3, continued
M K b _ C41© H K L Ol_ Cal¢ H K L _t_ Ca;© H K L Obw C41¢ H K L OIos Cal©

................................................

6 -5 • 9?4 926 10 -3 6 165 136 12 -1 0 0 0 -13 2 | 39 19 6 4 8 142 122

7 -5 0 166 16b 11 -3 8 10 11 13 -1 e 27 19 -12 2 0 26 26 -5 4 O 3 3

e 3 e 3 1 12 3 0 63 72 14 1 0 lo7 131 11 z m =ss 257 4 4 6 210 117
3 5 * 204 1*? 13 3 • ss 102 -26 0 0 0 0 10 2 m 222 is4 3 4 m 256 226

lO-3 . 60 s. 14-3 . ,o 21 -1, 0 . ,, 4, -3 , . 29 31 -, , . 55 ,2
11-5 . 6 i 17 2 . 4, 2 -;4 o . , , -0 2 5 14 2 -1 4 . , 24
12-5 . 226 ,, 1,-a . _ 0 -13 0 . -2 0 -, . . ,. ,3 0 4 . 1431 13.4
13 -5 0 122 121 -15 -2 O 62 29 -12 0 I 95 108 -6 2 I 58 51 1 4 0 1003 964

14 -$ 6 -4 2 -14 -2 6 0 0 -11 0 I 136 114 -3 2 i 736 662 2 4 i 011 693

-16 -4 O -3 1 -13 -2 | lb 4 -10 0 0 12 17 -4 2 I 1167 1150 3 4 0 2050 2611

-15 -4 I -5 0 -12 -2 • 133 91 -it 0 8 14it 133 -3 2 it 35 66 4 4 9 136 142

-14 -4 e 46 22 -11 -2 it 141 1b0 -8 0 e 91 62 -2 2 it 625 563 $ 4 6 321 411

-13 -4 it -4 11 -10 -2 3 61 30 -? 0 $ 295 322 -1 2 8 1174 1386 6 4 0 ?it 56

-12 -4 it 3 4 -9 -2 it 222 234 -6 0 • 13it 176 0 2 8 465 413 7 4 • 209 272

-11 -4 O 1 10 -it -2 it 1 S °S 0 it 55it 55it 1 2 it 72 104 • 4 0 472 472

-10 -4 • 160 1?6 -7 -2 it 221 256 -4 0 • S4 83 2 2 2 231 255 9 4 | lit 5

-9 -4 it 237 259 -6 -2 it 600 ?03 -2 0 | -2 it 3 2 it 1342 1293 20 • • 211 120

-8 -4 it 4? 76 -5 -2 it 76 50 -2 0 • 366? 3262 4 2 it 3 2 11 4 • it7 93

-7 -4 it 84; 81 -4 -2 it 452 503 -1 0 • it)t4 1031 $ 2 0 11 14 12 4 •

-6 -4 it 1i065 2017 -3 -2 it li06 250 0 0 • 2802 1700 6 2 8 1663 1511 -16 5 •

-5 -4 • 21 24 -2 -2 9 S050 4147 1 0 8 708 756 ? 2 l 149 152 -15 5 •

-4 -4 it 541 527 -1 -2 it 1214 1202 2 0 it 684 i039 8 2 • it1 •7 -14 $ 8

-3 -4 it 192 240 0 -2 it 44 60 3 0 8 751 698 8 2 • 33 27 -13 5 8

-2 -4 it 220 122 1 -2 it ?84 it2it 4 0 it 145 150 10 2 8 212 194 -22 5 it

-1 -4 it 7it ?2 2 -2 it 343 34it 5 0 it it 14 11 2 it

-10 5 it e'0 46 1 ? it -1 1 -8 10 it 123 107 -4 13 8

-9 $ it 350 377 2 ? it 716 651 -? 10 it 10,5 99 -3 13 it

-8 5 it 11 3 3 7 it 114 216 -6 10 it -2 4 -2 13 it

-7 5 it 803 741 4 ? it 11 1 -5 10 it 23 1 -1 13 it

-6 5 it 2,5it 217 5 7 9 13 21 -4 10 it 2`5 lit 0 13 it

-`5 5 it 6 it 6 7 it 372 327 -3 10 it 112 125 1 _3 it

-4 5 it 366 3i07 7 ? 19 79 97 -2 10 it ?`5 `52 2 13 it

-3 5 it 23 16 it 7 it -1 3 -1 10 it 177 13it 3 13 it

-2 5 it 410 511 it ? it 04 101 0 10 it 224 137 4 13 0

-15. 570 5031079 51 541109 0 4 113it0 5 8 14 4`5 -1'5 9 8 23 1 10 8 202 199 1'5 it

1 5 it 64 56 -14 it it 9 31 3 10 it 143 123 -10 14 it

2 5 it 3'512 3226 -13 it 8 32 33 4 10 $ 7 16 -9 14 8 2

3 ,5 . 21. 2050-12 it . -`5 1 ,520. 46 46 -.. it ,
4 5 it 1324 1304 -11 it it 11 21 6 10 4 230 203 -7 14 it -1

1 8 209 lit,5 -10 I l 02 106 710 , 70 5it -6 14 it -?
it 26 16 131 116 9 10 8 4 5 -'5 14 it -`5

7 b it 10 19 -8 it it 13 27 -23 11 4 -15 10 -4 14 it 16

it ,5 it 61 63 -7 it 4 -,5 6 -12 11 8 -4 27 -3 14 it -4

9 5 it 204 199 -6 it it 366 272 -31 11 4 -9 0 -2 14 it -`5

10 5 • 65 ,55 -5 it it 0 3 -10 11 O 25 23 -1 14 it -1

11 5 it -5 o -4 it I it s -,11 8 lO4 lO,5 o14 8 15
-16 6 9 -1 3 -3 9 9 222 228 -it 11 9 27 27 1 14 8 -1

-1'5 6 6 -5 3 -2 9 it 549 576 -7 11 8 21 '5 2 14 8 25

-14 6 • `54 39 -1 it it `59 39 -6 11 8 34 38 3 14 8 -8

-15 6 8 30 38 0 9 it -3 2 -5 11 8 31 55 4 14 8 -9

-12 6 9 107 96 1 it it 107 109 -4 11 8 20 59 5 14 8 -15

-11 6 8 28 6 2 it it 172 192 -3 11 8 86 ,50 6 14 8 -1

-10 6 8 225 235 3 it it 208 202 -2 11 8 194 163 -8 15 8 -1

-9 6 8 19 13 4 it 8 5 3 -1 11 8 48 '51 -7 1'5 8 48

-8 6 8 20 56 '5 9 8 199 215 0 11 8 18 16 -6 15 8 -7

-? 6 8 `590 645 6 S 8 29 16 1 11 8 148 127 -`5 15 8 23

-6 6 8 306 265 7 8 8 13 11 2 11 8 157 142 -4 15 8 13

-`5 6 8 -3 1 8 8 8 47 70 5 11 8 -3 8 -3 15 8 10

-4 6 9 59 59 9 9 8 35 44 4 11 8 15 26 -2 15 8 6

-3 6 8 1039 972 10 8 8 0 0 '5 11 8 149 176 -1 1'5 8 4

-2 6 8 276 254 -14 9 8 7 10 6 11 8 19 22 0 1'5 8 2

-1 6 e `570 456 -15 9 8 12 12 ? 11 8 6 6 1 15 8 19

0 6 8 101 70 -12 9 8 33 it 8 11 8 -2 8 2 15 8 -17

1 6 8 743 795 -11 it 8 `56 28 -12 12 8 -12 0 3 15 8 -12

2 6 8 506 470 -10 it 8 101 103 -]1 12 8 2 ,5 4 15 O -3

3 6 8 34 27 -9 9 8 40 45 -10 12 8 0 1 5 15 8 -19

4 6 8 41 39 -8 9 8 30 18 -9 12 8 4 ) -,5 16 8 1

5 6 8 102 103 -7 9 8 162 197 -8 12 8 39 21 -4 16 8 -13

6 6 8 34 43 -8 9 8 4`54 414 -7 12 8 24 10 -3 16 8 31

7 6 • 181 164 -'5 9 8 43 45 -6 12 8 -2 1 -2 16 8 34

9 6 8 93 102 -4 it 8 64 73 -'5 12 8 14 9 -1 16 8 -17

9 £ 8 0 1 -3 9 i 136 120 -4 12 8 150 139 0 16 O -8

10 6 e -5 1 -2 it 8 -2 0 -3 12 8 52 22 I 16 8 it

11 6 9 129 121 -1 9 it 96 it3 -2 12 8 61 55 2 14 8 -7

36 123 -1-1it 9 25-1'5 7 8 20 50 0 9 8 42 -1 12 8 it7
-14 7 8 89 62 1 it 8 110 86 0 12 8 it• 60 0-18 9 -12

-13 ? 8 -1 2 2 it 8 1 0 I 12 8 6 21 1-1it 9 -7

-12 7 8 -`5 0 3 it 8 11 24 2 12 8 -1 7 2-1it 9 2

-11 7 , 49 33 4 9 8 196 206 3 12 8 92 6`5 3-1it 9 -1 3
-10 7 8 -2 7 ,5 it . 6`5 66 4 12 8 38 46 4-18 9 -2

-9 7 8 23 30 6 9 8 121 112 5 12 it 15 2 5-19 9 8

-8 7 8 314 255 7 it 8 50 58 6 12 8 47 75 6-1it 9 4

-7 7 8 472 424 it 9 8 40 43 7 12 8 3 2 7-1it 9 -it

-6 7 8 64 61 9 it 8 ? 2 -11 13 8 16 1 it-lit 9 -6

-5 7 8 71 55 -14 10 8 -11 3 -10 13 O -1 1 -2-17 9 -11

-4 7 8 43 26 -13 10 8 -10 3 -9 13 8 3 2 1-17 9 -6

-3 ? 8 146 154 -12 10 8 21 8 -8 13 8 -3 5 2-17 it 11

-2 7 it 117 113 -11 10 8 -9 ,5 -7 13 8 -1 2 3-17 9 0

-1 7 8 91 90 -10 10 8 19 10 -6 13 8 11 1'5 4-17 9 -6

0 7 9 4?1 522 -9 10 8 21 32 -5 13 8 40 44 5-17 9 •

6-13 9 -2 2 -2-10 9 46 73 8 -it 9 it5 it6 14 -6 9 -11

7-13 9 6 13 -1-10 it 18 16 9 -it 9 35 45 -16 -5 9 22

8-13 9 ,5 16 0-10 it -`5 24 10 -9 9 `57 45 -15 -5 9 -49-13it 0 2 1-10 it -1 i 11-it it 160 17,-14.5 , 6
10-13 9 19 21 2-10 9 131 121 12 -I 9 112 100 -13 -5 it 0

11-13 it 10 1 3-10 9 86 itl 13 -8 it 38 33 -12 -5 9 -3

12-13 9 6 2 4-10 it 133 137 14 -it it 4`5 16 -11 -5 9 2

13-33it 16 0 5-109 48 32 -.-7 , -11 3 -10-5 , 205
-9-12 9 0 2 5-10 9 31 30 -14 -7 9 37 19 -it -`5 it 193

-8-12 9 1'5

-7-12 9 51

-6-12 9 -2

-'5-12 9 11

S2

63 63

45 33

-2 1

it1 45

25 29 -21 '5 it 240 294

17 34 6-17 9 -12 0

42 40 ?-17 9 13 0

40 50 it-17 9 29 0

90 91 9-17 9 -10 1

-5 7 -2-16 9 30 24

-3 5 -1-16 9 9 14

46 45 0-16 9 5 11

22 16 1-16 it -3 2

-5 1 2-16 9 1 3

16 1_ 3-169 -20 4-16 9 21

12 0 '5-14 9 " 11 10

4 6-1• 9 0 6

0 7-16 9 -2 2

4 it-16 9 -6 0

1 9-16 it -2 1

0 10-16 9 14 o
13 -4-15 9 1 ?

10 -3-15 9 3 3

1 -2-i'5 9 3 3

1 -1-15 9 6 0

14 0-159 :
11 1-15 9 6 4

1 2-15 9 11 0

it 3-15 it 0 2
67 4-15 it 13 1

0 '5-15 it 21 0

4 6-1'5 9 -5 0

1 7-15 9 2`5 9

2 it-15 it -3 2

1 9-1'5 it -4 1

7 10-15 it 23 31

10 11-15 it -6 11

4 -6-14 9 8 2

15 -,5-14 9 9 11

22 -4-14 9 10 2

16 -3-14 8 8 6

0 -2-14 9 1 1

7 -1-14 8 10 7

lit 0-14 9 50 52

'5 1-14 9 '5 1

1 2-14 9 10 16

3 3-14 9 8 1

0 4-14 9 it 0

'5 '5-14 9 lit 11

4 6-14 8 1 9

0 7-14 9 13 16

9 8-14 9 1 2
12 it-14 9 5 20

'5 10-14 9 13 3

1 11-14 9 -5 4

1 12-14 it 0 2

2 -8-13 it 0 8

2 -7-13 it 28 20

-6-13 9 4it 33
-5-13 it 12 16

1 -4-13 3 22 17

0 -3-13 9 10 10

1 -2-13 9 41 36

0 -1-13 it 3 3

6 0-13 9 61 65

12 1-13 9 200 19'5

2-13 9 32 303-13 9 6 16

7 •-13 9 6 1

0 5-13 9 -2 0

5 -14 -3 9 7 6

2 -13 -3 9 3it 44

13 -12 -3 9 109 92

12 -11 -3 9 -4 1

10:_ ! 232 2o4-8 • 26 27

1 -it -3 it 10 14

lO1 -7 -3 9 208 237
170 -6 -3 9 10 2

19 7-10 it 164 166 -13 -7 9 7 ? -it -5 9 -2 0 -`5 -3 it 382 418

40 it-lO it 8 19 -12 -7 9 38 37 -7 -5 it 379 338 -4 -3 9 1261 1314

3 9-10 9 0 0 -11 -7 9 its 93 -• -5 9 164 145 -3 -3 9 1190 1098

13 10-10 9 -1 1 -10 -7 it 114 125 -5 -'5 it 139 163 -2 -3 it 2639 2470
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Table A.3, continued
H K h 0bin C-a1¢ H g I, _ Calc H K h ()be Calc

-4-12 9 ?3 ?g 11-10 9 e
-3-12 11 34 2'• 12-10 9

-2-12 11 14 ? 13-10 11 30

-1-12 ! 130 132 -13 -9 • 40

0-12 9 16 18 -12 -1) t) 23

1-12 11 • • -11 -9 • 21
2-12 11 8• '3 -10 -9 ' 2'

.-.11 o : "'"' I• -12 11 2 -8 -9 9 2

5-12 11 12 13 -? -9 9 -1

8-12 g 24 36 -6 -• • 18

,-12 , 12 2: :l:; : 2:3-12 g 14

3-12 $ 3 111 -3 -11 9 22

10-12 11 -$ 0 -1 -9 9 330

11-12 11 -2 3 -1 -9 9 43?

12-12 9 2 0 0 -11 9 20

13-12 11 61 • 1 -11 9 20

-11-11 11 0 2 2 -9 11 114

-10-11 9 13 24 3 -9 11 1?

-3-11 11 31 23 4 -11 9 1611

-8-11 g 28 32 S -1) _ 33

-?-11 9 0 12 6 -9 11 145

-6-11 9 Bb 04 ? -9 11 124

-S-11 1) 811 39 • -9 11 44

-4-11 9 15 13 11 -9 9 1112

-3-11 1) 12 20 10 -9 11 243

-2-11 9 1110 162 11 -11 9 8

-1-11 1) 30 61 12 -9 11 13

0-11 9 11 10 13 o11 11 16

1-11 11 ?b ";'6 14 -9 8 9

2-11 • 91 62 -14 -0 9 •

3-11 11 6 16 -13 -8 9 46

4-11 9 105 105 -12 -8 11 30

3-11 1) 188 1S'l -11 -8 9 -1

• -11 9 23 29 -10 -8 9 183

"/-11 9 22 20 -9 -8 9 158

9-11 9 87 71 -11 -8 9 45

11-11 9 26 18 -7 -$ 9 b6

10-11 9 18 10 -8 -8 9 0

11-11 11 10 16 -S 8 11 133

12-11 9 -b 2 -4 -8 , 12
13-11 9 27 ? -3 -S 9 18

-12-10 9 -8 22 -2-l ' 743-11-10 9 13 -1 11 58

10 10 9 3 16 0 -8 11 3

-9-10 8 18 18 1 -8 9 304

-S-10 9 21 29 2 -9 9 89

-'/-10 11 36 34 3 -8 11 103

-6-10 9 11 g 4 -8 g 137

-5-10 9 11 10 S -8 11 94

4 10 9 80 63 6 9 9 1

310 9 33 13 7 -8 9 82

H R L 0bs Celt

11 9 -7 9 2•

13 -0 7 9 10

1 -? -? • 81

4 -• -7 • S1

12 -$ -? 11 •

34 -4 -7 • 236

10 -3 -? • 103

2 -2 -? 3 •7

2S -1 -7 • 30•

1 0 -? • 92

IS I -7 9 128

1 2 -? • 1•6

10 3 -7 11 211

2b 4 -7 11 003

331 S -? 11 270

434 • -7 11 141

26 ? -7 3 1•0

22 0 -7 11 -2

115 11 -7 11 52

31 10 -7 11 263

243 11 -? 1) 38

,0 . :_ 11 .143 13 11 1

203 14 -7 11 29

33 -13 -• 11 13

170 -14 -8 11 g

11208 -13 -4 11 •

8 -12 -6 11 17

11 11 • 11 -4

20 -10 -8 11 29

1 -9 -6 11 04

23 -6 -6 9 17

1 -S -6 11 643

1,1 :;, : 11)
125 -6 ?0

SO 2 -IS 3 1032

bl 1 6 9 310

1 0 -6 9 19 9 4 4 9 34

134 1 6 3 451 333 b 4 11 117

28 2 6 9 245 2'/4 • 4 9 225

3o ,':l , ,4is 34, ,-4 11 1.
642 10 il 8 4 11 30

58 S -6 9 10 8 9 -4 9 132

4 6 8 9 IJ 3 10 4 11 293

288 7 -IS 11 63 74 11 -4 9 14

90 O IS 9 30 53 12 -4 9 /6

168 9 -iS 9 39 Sb 13 -4 1) 50

112 10 -IS 1) 12 15 14 -4 9 10

72 11 -6 1) 37 36 -17 -3 9 -13

1 12 -6 11 9* 69 16 3 9 *.

*.1 13 -6 9 211 4*. -1.. -3 9 2

-4

H R L _ Calc

23 -4 -3 9 4bl 4S6 -1 -3 • 3 0

2 -3 -3 • 44 30 0 -3 11 38 22

71 -2 -3 • 1164 1033 3 -3 11 342 311

60 -1 -5 • 14

0 0 -3 9 23

232 1 -3 11 842

124 2 -$ 9 243

32 3 -3 3 14

134 4 -3 • 83

113 3 -3 • 178

80 • -3 • 46

142 ? 3 9 366

243 8 -S 9 73

732 11 -S • -1

105 10 -S • 79

1•0 11 -3 9 09

144 12 -3 9 14

0 13 -S 9 12

71 14 S 11 111

211) -1_ -4 3 E

47 -23 -4 1) 23

1 -14 -4 1) 33

36 -13 -4 11 -3

12 -12 -4 11 1

1 -11 -4 11 110

0 10 -4 11 4

2• -11 -4 1) 38

1 -$ 4 g 2?*.

1 -? -4 1) 32

24 -6 -4 9 0
71 -3 -4 9 118

150 -4 -4 9 2

3 -3 4 9 1711

12 -2 -4 11 425

12 2 -3 11 613 •711

8? 3 -3 • 267 2?4

63.. • -3 11 4117 *.22

200 S -3 11 136 1311

34 $ -3 11 -3 0

84 ? -3 11 117 132

130 0 -3 9 0 S

?9 9 -3 8 3 12

340 10 -3 11 44 ??

71 21 -3 9 170 1..2

3 12 -3 11 120 113

?2 13 -3 11 -3 2

?8 14 -3 11 311 42

13 -17 -2 3 30 35

1.. -14 -2 11 19 0

0 -1.. -2 11 46 28

8 -24 -2 0 33 51

3• -13 -2 3 33 25

,1 -12:_ : -3 1
2 -11 1411 144

1 10 -2 9 133 11..

IS3 -9 -2 3 9 4

0 -8 -2 1) 299 30 11

62 -7 -2 9 351 334

270 -6 2 9 •6 83

36 S -2 9 260 243

1 -4 -2 9 23?0 231..

129 -3 -2 9 355 33?

8 -2 -2 3 SS• 336

212 -1 -2 9 24?8 2495

404 0 2 • 741) 7*.3

612 1 4 9 2135 196.. 1 2 9 70 105

9 0 4 9 446 306 2 2 9 312 312

?e 1 4 11 38 4? 3 2 11 484 I381

811g 2 4 11 1170 1097 4 2 9 1074 1111..

416 3 4 8 1393 1178 3 2 9 143 144

52 6 -2 9 4•g 357

100 ? 2 9 '09 516
185 8 -2 9 2?9 297

171 9 -2 9 35? 321

28 10 -2 9 378 380

124 11 -2 11 41 34

241 12 -2 9 -2 0

13 13 -2 9 33 *.0

61 -16 -1 9 -8 0

52 -15 -1 9 -1 11

3 -14 -1 9 -1 1

0 -13 -1 9 32 10

1 -12 -1 9 39 3IS

3 -11 -1 9 34 38

22 1 8 9 298 28810 1 9 3

9 1 9 31

-S 1 9 *.?

-'l 1 9 30

6 1 9 1 1

b 1 9 399 632 1 1 11 41 11 IS 3 9 12

4 1 11 329 2135 2 1 9 29 24 9 3 9 88

-3 1 9 15 17 3 1 11 1..62 1482 10 3 9 261

2 1 9 1248 1203 4 1 11 1133 1135 21 3 9 187

-1 -1 9 4"/6 538 3 1 11 72 ?1 12 3 9 *.

0 -1 8 89 98 6 1 9 800 769 -16 4 9 39

1 -1 9 3"13 478 ? 1 11 519 412 -13 4 9 48

2 -1 9 372 ,503 IS 1 9 46 6? 14 4 9 1..

3 -1 9 499 541 9 1 9 303 256 -13 4 11 13

4 -1 9 4 3 10 1 9 1110 222 -12 4 9 3'/

3 -1 9 11 IS 11 1 9 it 5 -11 4 9 75

6 1 9 200 217 12 1 9 14 9 10 4 9 -3

? -1 11 4 0 13 1 9 20 19 -9 4 9 33

8 1 9 0 3 16 2 9 30 35 ' 4 9 844
9 1 9 145 163 lb 2 11 18 8 ? 4 9 14

1 -4 1 11 863 Is?3 3 3 9 1833 2088 -1.. 6 9
28 -3 1 9 4 6 4 3 9 92 85 -14 6 11 28 20 0 9 9 2..1 223

94 -2 1 9 119 23? *. 3 9 246 178 -13 6 9 *.3 42 1 8 9 229 256

61 1 1 11 1976 1705 6 3 9 123 1211 12 6 9 30 34 2 8 9 33 2*.

0 1 9 1414 1440 ? 3 9 46? 454 11 6 9 238 196 3 8 11 16 18

4 -10 IS 11 *. 21 4 8 9 188 183

63 -11 6 9 2 4 *. 8 9 14 16

220 -8 6 9 143 128 6 8 9 ?4 91

165 -? 8 9 71 '/7 '/ 8 9 199 182

6 -8 • 9 *. 7 8 8 9 -6 6

8 -3 6 9 449 361 9 9 9 0 ?

31 4 • 11 81 *.IS 14 9 9 31 9

12 3 • 9 11 1.. 13 9 11 16 1

18 -2 6 11 385 3?2 12 9 9 31 14

30 1 8 9 323 3*.4 11 9 9 27 3

69 0 6 9 236 185 10 9 9 ? 0

0 1 8 9 ? 6 -9 9 9 93 68

15 2 6 1) 113 93 -IS 9 9 124 108

?'/b 369 12 I -? 9 9 19 ?
14 6 9 99 11 -IS 9 9 20 14

10 1 9 45

11 1 9 29

12 1 9 33

13 1 9 10

18 0 11 10

1.. 0 9 '/

14 0 9 32

13 0 9 21..

12 0 1) 39

-11 0 9 108

10 0 1) 107

-9 0 9 2

-8 0 9 26*.

-? 0 9 196

6 0 9 656
-*. 0 9 100

-4 0 9 48o

-3 0 9 144

-2 0 9 17

-1 0 9 72

0 0 9 332

1 0 9 476

2 0 9 4?

3 0 9 312

4 0 9 1127 1140 10 2 9 97

3 0 11 12 18 11 2 9 131

6 0 9 28 13 12 2 9 14'/

? 0 9 170 178 -16 3 9 -10

8 0 9 114 68 15 3 9 13

9 0 9 102 139 14 3 9 *.2

10 0 9 143 144 -13 3 9 11

3*. -14 2 9 13 2 -6 4 9 142 157 *. 6 9 246 207 -5 9 9 96 '/3

28 -13 2 11 38 25 -*. 4 9 493 426 • 6 9 292 2136 -4 9 g 33 16

30 -12 2 9 32 36 -4 4 9 4*. 48 ? 6 9 48 49 -3 9 9 *. ?

18 -11 2 9 9 ? -3 4 9 -2 1 6 6 9 1.. 2*. -2 11 9 301 298

4 -10 2 9 203 238 -2 4 9 4IS? 42*. 9 6 9 126 119 -1 9 9 41 26

11 -11 2 9 ?2 49 -1 4 11 198 201 10 6 9 52 71 0 9 9 -2 0

51 -8 2 9 19 19 0 4 9 11 10 -1.. ? 9 1 0 1 9 9 26 32

194 -? 2 9 *. 14 1 4 11 1470 1304 -14 ? 11 70 81 2 9 9 135 144

37 -6 2 9 333 281 2 4 9 2471 2342 -13 ? 9 96 96 3 9 9 43 34

29 -3 2 9 4*.4 467 3 4 9 20 33 -12 ? 9 23 31 4 9 11 10 12

108 -4 2 9 *.14 304 4 4 9 246 21IS -11 ? 11 26 10 *. 9 9 55 51

1 -3 2 9 390 316 5 4 9 26 30 -10 ? 9 249 212 6 9 11 1..5 166

272 -2 2 11 25*.3 2348 6 4 9 67 •IS -9 ? 1) 4*. *.2 ? 11 9 3 1

? -8 ? 11 17 1022¢ 1 2 11 1490 1..49 ? 4 9 2 0 IS 9 9 $

343 0 2 9 10 28 8 4 9 128 124 '/ ? 9 ?*. 37 13 10 9 30 17

122 1 2 11 138 177 9 4 9 121 107 -8 ? 9 213 209 -12 10 9 24 14

*.29 2 2 9 *.?6 646 10 4 9 20 16 *. ? 9 92 77 11 10 9 19 6122 3 2 9 11 22 11 4 9 20 3 4, 9 10 20 3010 9 30 36
53 4 2 9 336 310 -18 3 9 -16 1 -3 ? 9 121 1111 -9 10 9 37 41

93 3 2 9 376 36*. -15 S 9 29 2 -2 ? 9 1102 1038 -i 10 9 4 13

40.. 6 2 9 124 127 14 *. 9 113 98 1 ? 9 0 *. ? 10 11 2 4

660 ? 2 9 30*. 306 -13 S 9 39 27 0 ? 9 08 Sb -6 10 9 3 4

S4 6 2 9 I398 399 12 3 9 29 2? 1 ? 9 1048 9..0 S 10 9 11 S

293 9 2 9 402 413 11 3 11 6 1 2 ? 9 113 110 -4 10 9 4 9

69 -10 *. 9 230 205 3 ? 9 182 169 -3 10 9 152 1..1

129 9 $ 11 10.. 141 4 ? 9 214 213 2 10 9 63 50

137 -8 b 11 43 42 3 ? 9 164 183 -1 10 9 30 22

? -7 *. 11 1203 1031 • ? 9 9 0 0 10 9 67 73

*. -6 *. 9 21 27 ? ? 9 14.. 149 1 10 9 178 184

37 -*. 3 9 11 12 S '/ 9 189 1..6 2 10 9 2? 32

1 4 *. 9 242 214 9 ? 9 ?4 64 3 10 9 37 31
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Table A.3, continued
M K L Obe Calc M K L Ct_ e.alc H K L Obe Celt M R L Ot_ Calc M K L _ Calc

..............................................

11 0 ' 133 12_ -12 3 ' 10 -3 5 ' 351 301 10 ' ' 24 13 4 10 9 65 ,8

22 0 9 12 10 -11 _ 0 31_ 314 -2 _ 9 356 3_6 -lS 0 9 -13 5 5 10 0 2? 40

13 0 1) -9 lS -10 3 9 239

-16 1 9 14 4 -P $ 9 74

-lb 1 2 ?0 73 -8 3 0 190

-14 2 2 43 00 -? $ 9 629

-13 1 9 -S 12 -6 3 • 21

-12 1 4 2? 4 -S 3 0 34

-11 2 $ 126 124 -4 3 0 692

-10 1 0 40 36 -3 3 0 60

-9 1 2 7 0 -2 $ 0 -2

-0 1 0 01 116 -2 3 9 170

-? 1 9 20 10 0 3 • 212

-0 1 9 ? 17 1 3 • 17

-S 1 9 1013 1S52 2 3 • ?99

-2 21 g 89 82 -1 15 0 -14

-1 11 g 222 201 0 15 9 120

0 11 9 35 36 1 16 0 57

1 21 9 -1 1 2 15 9 -19

2 11 $ 29 40 3 15 9 -14

3 11 9 69 ?0 4 lS 9 51

4 11 S 25 26 -3 16 9 -10

S 11 9 25 • -2 10 • 33

6 11 _ 10 30 -1 16 9 42

? 11 9 40 10 0 1_ 9 -10

-11 12 9 1 3 -1-10 10 -11
-10 12 9 -$ 1 0-14 10 3

-9 12 9 -6 2 1-20 10 -?

-0 12 9 2 2 2-1| 10 -0

-? 12 9 32 23 3-14 10 21

-6 12 9 ]0 3? 4-14 10 52

-5 12 9 39 29 S-19 10 ?

-4 12 9 12 1 6-18 10 6
-3 12 9 69 $$ 2-1| 10 -9

-2 12 9 70 61 -1-17 10 -3

-1 12 9 23 29 0-17 10 -5

0 12 • -1 1 1-17 10 $
1 12 9 49 40 2-17 10 54

2 12 9 31 33 3-17 10 12

3 12 9 2 $ 4-17 10 3

4 12 9 13 15 5-17 10 -12

$ 12 9 -5 3 6-17 10 112

6 12 9 31 O ?-17 10 49

-10 13 9 40 3 9-17 10 -10

-9 13 9 40 1 0-16 10 44

-8 13 9 10 0 1-16 10 24

-? 13 9 -4 22 2-16 10 -5

-6 13 9 -5 0 3-16 10 -8

-S 13 • 29 15 4-16 10 0

-4 13 9 61 48 b-16 10 -2

-3 13 9 28 ? 6-16 10 19

-2 13 9 15 1 7-16 10 28

-1 13 9 2 95 6-16 10 3

0 13 9 42 50 9-16 10 15

1 13 9 20 2S -2-15 10 5

2 13 9 13 $ -1-15 10 26

3 13 9 79 52 0-15 10 0

4 13 9 27 15 1-15 10 56

5 13 9 23 5 2-15 10 37

6 13 9 33 ? 3-15 10 3

-9 14 9 5 4 4-15 10 5

-8 14 9 7 4 5-15 10 9

-? 14 9 -11 2 6-15 10 -5

-6 14 • -15 0 7-15 10 -3

-5 14 9 46 6 9-15 10 12

-4 14 9 0 3 9-15 10 2

-3 14 9 -8 8 10-15 10 -2

-2 14 9 36 57 -4-14 10 -14

-1 14 9 12 33 -3-14 10 26

0 14 9 37 S -2-14 10 ]

14 9 62 15 -1-14 10 -7
14 9 29 11 0-14 10 106

3 14 9 22 6 1-14 10 15

4 14 9 14 1 2-14 10 9

5 14 9 -2 4 3-14 10 12

-? 15 9 -14 1 4-14 10 1

-6 15 9 -1 2 5-14 10 14

-5 15 9 -11 0 6-14 10 5

-4 15 9 ? 6 ?-14 10 -3

-3 15 9 16 19 8-14 10 -4

-2 15 9 24 $ 9-14 10 13

12 -6 10 -3 0 -11 -3 10 213

13 -6 10 -12 1 -10 -3 10 -4

197 -1 S • 11 1 -14 0 9 13

79 0 $ • 96 104 -13 $ 9 15

147 1 S • 633 56i -12 0 9 -6

$01 2 S • 490 420 -21 • 0 2

4 3 5 • 14 32 -•0 0 9 03

30 4 S 9 197 155 -0 2 9 9

061 S S • 0 1 -2 2 9 24

': _:: 4,: 42_ :'9. , •,1.4
176 2 S • S4 46 -5 2 9 27

204 • 5 9 -1 ? -4 $ 9 19

15 10 $ 9 30 39 -3 2 9 230

741 11 S • 39 26 -2 0 9 13

2 10-14 10 12 20 93-91 10 -19

12 11-14 10 -16 2 -11-90 10 3

-6-13 10 -11 17 -10-10 10 -3
-3-13 10 68 24 -9-10 10 35

3 -4-13 10 -0 2 -2-10 10 2

12 -3-13 10 -3 1 "-7-10 10 -2

5 -2-13 10 1 1 -6-10 10 -10

0 -1-13 10 0 2 -S-•O 10 2

1 0-13 10 -1 • -4-10 10 10
1 1-13 10 62 62 -3-10 10 ?

2-13 10 31 35 -2-10 10 2953-13 10 14 12 -1-10 10 351

0 4-13 10 1 1 0-10 10 19

0 S-13 10 2 0 1-10 10 231

1 6-13 10 11 12 2-10 10 251

0 ?-13 10 17 3 3-10 10 51

0 0-13 10 11 0 4-10 10 14

3 9-13 10 45 23 5-10 10 266

3 10-13 10 1 0 6-10 10 153

o! 11-1] 10 -5 4 ?-)0 10

0 12-13 10 14 1 8-10 10 76

15 -0-12 10 -1 2 •-10 10 72

16 -?-12 10 23 22 10-10 10 40

1 -6-12 10 39 _6 11-10 10 -4

0 -5-12 10 -0 0 12-10 10 12

1 -4-12 10 41 1 13-10 10 ?

0 -3-12 10 54 52 -12 -9 10 22

0 -2-12 10 27 19 -11 -9 10 10

0 -1-12 10 13 14 -10 -• 10 10

70 0-12 10 9 2 -9 -9 10 4?

25 1-12 10 1 4 -$ -9 10 5

0 2-12 10 0 0 -7 -9 10 12

11 3-12 20 20 16 -6 -9 10 146

2 4-12 10 3 5 -5 -9 10 19

0 5-12 10 30 33 -4 -9 10 -7

14 6-12 10 -2 2 -3 -9 10 247

11 ?-12 10 2 0 -1 -9 10 -1

3 8-12 10 5 12 0 -9 10 13'

4 9-12 10 4 $ 1 -9 10 62

21 10-12 10 18 16 2 -9 10 79

26 11-12 10 13 5 3 -9 10 56

0 12-12 10 42 2 4 -9 10 209

50 13-12 10 -? 1 5 -9 10 121

29 -I0-11 I0 2 21 6 -9 10 8

5 -9-11 10 2 0 7 -9 10 77

1 -8-11 10 33 20 O -9 10 24

11 -7-11 10 14 15 9 -9 10 4

? -6-11 10 0 1 ]0 -9 10 56

0 -5-11 10 -1 18 11 -9 10 125

? -4-11 10 22 32 12 -9 10 27

14 -3-11 10 32 70 13 -9 10 42

2 -2-11 10 -1 4 -13 -B 10 -?

0 -1-11 10 21 3 -22 -8 10 5

22 0-11 10 2 2 -31 -0 10 -4

0 1-11 10 61 75 -20 -8 10 53

1 2-11 10 69 91 -9 -9 10 16

99 3-11 10 1)0 117 -O -8 10 -2

37 4-11 10 5 10 -7 -9 10 10

0 5-11 10 6 4 -6 -2 10 20

13 6-11 10 156 156 -5 -6 10 344

7 ,-111o 25 1_ :]::10 141O 9-11 10 2 10 -

2 9-11 10 O 6 -2 -8 10 260

2 10-11 10 5 ? -1 -2 10 274

6 11-11 10 31 27 0 -0 10 60

10 12-11 10 29 ? I -2 10 26

162 -5 -1 10 239 211 1 I 10 317

2 -4 -1 10 346 313 2 I 10 1436 1205 10 3 10 9

37

4

265 -14 4 10 165

141 -13 4 10 14

82 -12 4 10 -5

?O? -11 4 10 47

93 -I0 4 10 54

131 -9 4 10 0

107 -0 4 10 269

35 -? 4 10 221

1 -6 4 10 -4

17 -5 4 10 92

32 -4 4 10 245

1 -3 4 10 113

47 -2 4 10 11

61 -1 4 10 91

3 0 4 10 022

1 I 10 • -4 2

0 ? 10 9 0 41

1 -13 11 9 -4 10

10 -12 11 9 -lb 2

36 -11 11 9 23 11

7 -10 11 9 21 1
34 -9 11 9 17 6

130 -0 11 9 23 31

02 -7 11 9 2 0
S17 -6 11 9 4

21 -S 11 9 102 IO

210 -4 11 • 100 1?9

3 -3 11 9 4 11

: 2: lO 1 l
3 10 133 •2.

2o :-12O2o•31 •4:
21 6 -0 10 392 357

2 7 -2 10 O0 70

3 O -O 10 14 9

93 9 -0 10 •77 139

30 10 -0 10 46 31

29 11 -I 10 0 4

264 12 -0 10 25 17

320 13 -2 10 13 32

11 -14 -7 10 4 •

115 -13 -7 10 -6 10

204 -12 -7 10 25 21

40 -11 -? 10 5 3

0 -10 -? 10 0 1

247 -9 -7 10 2 1

123 -O -? 10 154 165

2 -7 -? 10 310 2?6

61 -6 -7 10 667 613

77 -5 -? 10 103 125

50 -4 -7 10 130 137

0 -3 -7 10 203 197

10 -2 -? 10 244 251

2 -1 -7 10 530 422

2 0 -7 10 40 23

2 1 -? 10 11 27

13 2 -7 10 564 495

55 3 -7 10 106 113

0 4 -? 10 ? 1

39 5 -? 10 -1

137 6 -? 10 35 38
15 ? -? 10 101 104

1 6 -1 10 149 139
21 9 -? 10 ? •3

4 10 -7 10 1 6
?152 11 -7 10 114 9

59 12 -7 10 94 85

24 13 -7 10 -5 8

SO -14 -6 10 2 11

150 -13 -6 10 1 1

o124 -12 -6 10 -4 1

9 -11 -6 10 .i 1

?2 -10 -6 10 -3 4

24 -9 -6 10 46 48

9 -8 -6 10 190 198

70 -7 -6 10 102 145

132 -6 -6 10 34 46

35 -b -6 10 31 26

0 -4 -6 10 67 46

0 -3 -5 10 370 305

14 -2 -6 10 40 33

17 -1 -6 10 03 101

43 0 -6 10 465 352

16 1 -6 10 30 69

3 2 -6 10 375 329

9 3 -6 10 93 115

30 4 -6 10 1335 1275

2?4 $ -6 10 623 610

164 6 -6 10 994 932

o ? -6 10 202 206

274 8 -6 10 39 29

228 9 -6 10 10 13

59 10 -6 10 46 53

43 11 -6 10 16 26

413 9 3 10 41 42

4

-15 -5 10 25

-14 -5 10 e

-13 -5 10 16

-12 -5 10 13

-11 -s 10 32

-10 -5 10 23

-9 -5 "10 107

-e -5 10 174

-7 -5 10 54

-6 -5 10 232

-5 -5 10 161

-4 -S 10 400

-3 -5 10 61

-2 -5 10 031

-i -5 I0 95?

0 -3 10 4

:_lO 163
10 273

3 -5 10 27

4 -5 10 250

5 -5 lO 379

11 -9 -3 10 37 36 -3 -1 10 492 5?4 3 1 30 1026 1014 11 3 10

1 -8 -3 10 305 291 -2 -1 10 302 221 4 1 10 130 151 -15 4 10

0 -7 -3 10 2_4 249 -1 -1 10 -2 1 5 1 10 296

15 -6 -3 10 8 3 0 -1 10 528 469 6 1 10 114

37 -5 -3 10 161 147 1 -1 10 119 162 ? 1 10 97

14 -4 -3 10 313 30? 2 -1 10 26 47 8 1 10 969

$8 -3 -3 10 0 1 3 -1 10 836 800 9 1 10 83

177 -2 -3 10 2252 2376 4 -1 10 444 359 10 I 10 149

59 -1 -3 10 746 660 5 -1 10 199 257 11 I 10 130

216 0 -3 10 1018 1041 6 -I 10 570 394 12 1 10 19

192 1 -3 10 1 0 ? -1 10 112 73 -16 2 10 25

470 2 -3 10 545 600 0 -1 10 7 14 -15 2 10 10

S? 3 -3 10 1069 977 9 -1 10 44 40 -14 2 10 62

?90 4 -3 10 165 144 10 -1 10 190 153 -13 2 10 1

016 5 -3 10 29 14 11 -1 10 43 30 -12 2 10 41

1 6 -3 10 200 177 12 -1 10 0 0 -11 2 10 62

241 ? -3 10 66 69 13 -1 lO -3
240 O -3 10 0 1 -16 0 10 19

27 9 -3 10 52 47 -15 0 10 56

271 10 -3 10 259 294 -14 0 10 18

403 11 -3 10 53 43 -13 0 10 14

1:-11 11o 91
- 10

37 -6 2 10 349

24 -7 2 10 1395 1359 3 4 10 72

4 -6 2 10 119 49 4 4 10 O

2)

19

146

10

0

2?

39

0

250

326

lO_

264

100

3

115

72?

34 1 4 10 ? 1

316 2 4 10 1504 1437

67

5
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Table A3, continued
H X h abe Ca1© N g L 01_ C020 H R L _ Ca1¢ H g L 01_ Calc H g L Ol_ Calc

..................................................

372 13 3 10 72 63 -12 0 10 43 22 S 3 10 399 343 S 4 10 -1 1

12 13 -3 10 91 49 -11 0 10 66 29 -4 2 10 $g0 635 6 4 10 226 178

123 -16 -2 10 24 3 -10 0 10 SE 33 -3 2 30 01 69 ? 4 10 113 108

67 -lS -2 10 -3 0 -9 0 10 0 1 -2 2 10 -2 1 9 4 10 44 44

31 -14 -2 10 24 8 -0 0 10 129 132 -1 2 10 2? 49 9 4 10 60 66

30 -13 -2 10 29 24 -? 0 10 337 305 0 2 10 3 2 10 4 10 75 68

43 -12 -2 10 34 22 -6 0 10 117 125 1 2 10 -1 0 -13 5 10 29 12

2 -11 -2 10 17 22 -3 0 10 161 240 2 2 10 1153 1232 -14 3 10 23 4

0 -10 -2 10 73 63 -4 0 10 1043 1099 3 2 10 1073 971 -13 S 10 75 90

10 19

i -$ 10 133

9 -S 10 78

10 -3 10 19

11 -S 10 35

12 -5 10 SO

13 -3 10 -1

-10 -4 10 25

-15 -4 10 $

-14 -4 10 27

-13 -4 10 -3

-12 4 10 90

-11 -4 10 41

-10 -4 10 133

-9 -4 10 70

0 4 10 3

-? -4 10 171

-6 -4 10 192

-3 -4 10 ?9

-4 -4 10 6

$ -0 -2 10 04 04 -3 0 10 1

33 -9 -2 10 43 01 -2 0 10 563

17 -7 -2 10 12 11 *1 0 10 348

94 -0 -2 10 519 323 0 0 10 170

30 -S -2 10 10 34 1 0 10 40

120 -4 -2 10 23 27 2 0 10 725

71 -3 -3 10 1452 1386 3 0 10 217

5 -2 -2 10 18 12 4 0 10 11

133 -1 -2 10 10 10 S 0 10 150

179 0 -2 10 3 1 0 0 10 67

72 I -2 10 997 1031 ? 0 10 35

0 2 -2 10 363 395 5 0 10 30

-3 -4 10 1531 1457 3 -2 10 108 125 9 0 10 300

-2 -4 10 4?

-1 -4 10 3

0 -4 10 793

I -4 10 208

2 -4 10 277

3 -4 10 252

4 -4 10 149

5 -4 10 450

0 -4 10 41

? -4 10 22?

5 -4 10 $5

9 -4 10 2

10 -4 10 54

11 -4 10 85

12 -4 10 S

13 -4 10 -10

-10 -3 10 37

-13 -3 10 14

-14 -3 10 19

-13 -3 10 -1

-12 -3 10 68

-4 6 10 13

-3 0 10 359

-2 6 10 451

-1 0 10 -2

0 0 10 469

1 6 10 919

2 0 10 915

3 0 10 133

4 6 10 223

5 0 10 149

6 0 i0 30

? 6 i0 123

8 6 10 143

9 6 10 14

10 0 I0 I?

-15 ? 10 -12

-14 ? 20 -8

-13 ? 10 13

-12 7 10 28

-11 ? 10 11

-30 ? 10 -4

-9 ? 10 21

-8 7 10 51

-7 ? 10 30

-6 7 10 15

-5 7 10 207

-4 ? 10 ?0

-3 7 10 307

-2 ? 10 0

-3 7 10 368

0 ? 10 981

1 ? 10 9?0

2 ? 10 234

3 ? 10 38

4 ? 10 -2

5 ? 10 18

6 ? 10 139

? ? 10 137

8 ? 10 1

9 ? 10 30

-14 8 10 -1

-13 6 10 -5

-12 8 10 9

-11 9 10 1

-10 8 10 51

-9 8 10 150

-8 6 10 28

-? 8 10 9

-6 5 10 154

-5 8 10 13]

-4 O 10 05

-3 8 10 60

-2 8 10 449

-1 8 10 302

0 8 10 19

1 8 i0 0

2 6 10 lS

3 9 I0 08

8 I0 64
9 I0 91

6 9 10 34

01 4 -2 10 310 252 10 0 10 8

12 5 -2 10 220 245 11 0 10 0

652 6 -2 10 -4 5 12 0 10 3?

312 ? -2 10 35 34 13 0 10 -0

268 0 2 10 0 6 -10 I 10 2

273 9 -2 10 43 29 -15 1 10 - o
145 10 -2 10 -5 0 -14 1 10 O
402 11 -2 10 130 110 -10 1 10 1 ?

32 12 -2 10 34 39 -12 1 10 -1

220 13 -2 10 4 1 -11 1 10 121

54 -15 -1 10 -8 2 -10 1 10 51

4 -15-1 10 ? 12 -9 110 77

58 -14 -1 10 11 17 . 110 034

91 -13 -1 10 51 40 -? I 10 19

3 -12 -1 10 16 4 -6 1 10 495

5 -11 -1 10 56 49 -b 1 10 -3

1 -10 -1 10 186 173 -4 1 10 172

26 -9 -1 10 4 11 -3 1 10 ??0

11 -O -1 10 85 6? -2 1 10 789

3 -? -1 10 0 5 -1 1 10 535

60 -6 -1 10 -1 6 0 1 10 119

19 -11 9 10 5 13 -2 12 10 38

320 -10 9 10 9 19 -1 12 10 49

428 -9 9 10 -1 0 0 12 10 69

0 -8 9 10 8 12 1 12 10 ?

507 -? 9 10 3 1 2 1l 10 36

049 -6 9 10 5 1 3 12 10 102

052 -5 9 10 5 0 4 12 10 54

141 4 9 10 75 05 5 12 10 14

225 -3 $ 10 120 140 -9 13 10 51

161 -1 9 10 2 ? -8 13 10 ?

29 -1 4 10 40 36 -7 13 10 13

116 0 9 10 24 20 -5 13 10 15

138 1 9 10 3 2 -S 13 10 -5

0 2 9 10 ? 3 -4 13 10 -9

22 3 9 10 104 103 -3 13 10 12

9 4 9 10 67 56 -2 13 10 9

1 5 9 10 1 4 -3 13 10 8

15 6 9 10 128 143 0 13 10 -2

15 ? 9 10 -7 24 1 13 10 40

17 -13 10 I0 -17 0 2 13 10 45

1 -12 10 10 28 5 3 13 10 25

37 -11 10 10 14 6 4 13 10 -12

56 -10 10 10 -7 3 8 13 10 3

36 -9 10 10 -9 9 -8 14 10 03

11 -8 10 I0 39 23 -? 14 I0 -13

174 -? 10 10 2 2 -6 14 10 -11

53 -6 10 10 23 27 -5 14 10 12

310 -5 10 10 105 09 -4 14 10 72

77 05 -3 14 10 506 -4 10 10
337 -3 10 10 34 30 -2 14 10 2

928 -2 10 10 87 37 -1 14 10 -?
825 -1 10 10 75 73 0 14 10 -I

241 0 10 10 12 7 1 14 10 -2

18 1 10 10 6 13 2 14 10 23

4 2 10 10 59 82 3 14 10 45

12 9 10 10 50 55 4 14 10 41

142 4 10 10 1 0 -6 15 10 -13

117 8 10 10 28 26 -b 15 10 57

0 6 10 10 12 4 -4 15 10 33

45 -12 11 10 -10 12 -3 15 10 38

? -ii II 10 -I? i -2 15 I0 0

2 -10 11 10 21 4 -1 15 10 -9

? -9 11 10 13 30 0 15 10 10

10 -9 11 10 9 9 1 15 10 43

45 -? 11 10 8 8 2 15 10 -9

123 -6 11 10 35 32 0-10 11 0

14 -5 11 10 -4 2 1-10 11 29

8 -4 11 10 23 38 2-18 11 10

157 -9 ii i0 90 03 9-IS 11 -5

141 -2 11 10 37 28 4-10 11 17

90 -1 11 10 -4 2 5-10 11 -1

?0 0 11 10 66 70 0-17 11 21

370 1 11 10 4? 59 1-17 11 -12

310 2 11 10 4 18 2-17 11 21

8 3 11 10 59 30 9-17 11 0

3 4 11 10 46 47 4-17 11 35

17 5 II I0 52 13 5-17 11 15

66 -11 12 10 20 22 6-17 11 0

75 -10 12 10 39 28 ?-17 11 O

106 -9 12 10 -3 2 0-16 11 11

36 -O 12 10 -6 4 1-16 11 ?6

0 4 2 10 372 439 -12 3 10 91 92

625 S 2 10 0 18 -11 S 10 131 110

553 0 2 10 453 415 -10 3 10 55 72

1|7 ? 2 10 243 224 -9 5 10 -4 1

40 , 23o 1 : -_ 91o :_ 9,742 5 2 90 339 91 9 10 25

210 10 2 10 165 164 -6 3 10 127 105

15 11 2 10 79 09 -3 5 10 177 153

122 12 2 10 03 ? -4 S 10 lS 19

52 *lt 3 10 12 0 -3 5 10 129 191

13 -15 3 10 -7 3 -2 S 10 559 555

40 -34 3 10 26 15 -1 9 10 994 780

941 -13 3 10 50 51 0 $ 10 30 69

10 -12 3 10 22 90 1 S 10 76 I05

0 -11 3 10 -0 1 2 5 10 11 15

19 -10 9 10 149 113 9 5 10 90 64

1 -9 3 10 184 161 4 5 10 21 14

33 0 3 90 05 ?9 5 S 10 20? 200

9 -? 3 10 225 250 6 5 10 67 00

0 -0 9 10 149 121 ? 5 10 -3

17 -5 9 10 $6 37 ' 9 10 01

1 .-4 3 lO 2, 25 , 5 lO 51
104 -3 3 10 354 276 10 S 10 14

44 -2 3 10 50 44 -15 6 10 3

52 -1 3 I0 152 156 -14 6 10 00

700 0 3 10 445 372 -13 6 10 109

20 1 3 10 204 329 -12 0 10 271

502 2 9 10 30 21 -11 8 10 55

1 3 9 10 1280 1077 -10 6 10 11

172 4 3 10 58

753 S 3 10 601

013 6 3 10 95

455 ? 3 10 ?9

lib 8 9 10 138

9 ?-16 11 27

62 5-16 11 -10

61 -2-15 11 31

5 -1-15 11 -6

15 0-15 11 14

05 1-15 11 -4

31 2-15 11 20

3-15 11 52 4-15 11 20

4 5-18 11 0

0 5-15 11 0

6 7-15 11 -i

4 8-15 11 -O

4 -4-14 11 0

? -3-14 11 -O

29 -2-14 11 -8

11 -1-14 11 -9

9 0-14 11 97

40 1-14 11 55

35 2-14 11 47

2 9-14 11 9

1 4-14 11 3

11 5-14 11 -1

1 6-14 11 -3

3 ?-14 11 10

1 8-14 11 14

6 9-14 11 22

10 -6-13 11 -13

29 -5-13 11 4

4 -9-13 11 1

0 -3-13 11 20

IO -2-13 11 60

3 -1-13 11 2

2 0-13 11 11

17 2-13 11 2

13 2-13 11 10

11 9-13 11 -1

37 4-13 11 16

32 5-13 11 20

4 6-13 11 3

2 7-19 11 16

2 0-13 11 19

0 9-13 11 12

0 10-13 11 S

9 11-13 11 -13

0 -?-12 11 -8

6 -6-12 11 -12

1 -3-12 11 14

0 -4-12 11 21

0 -3-12 11 -1

0 -2-12 11 12

11 -1-12 11 0

3 0-12 11 -7

i 1-12 11 9

0 2-12 11 22

0 3-12 11 2

1 4-12 11 10

2 5-12 11 -2

2 6-12 11 14

9 ?-12 11 27

60 $-12 11 10

9

_4

90

22

6_
107

247

76

3

56 -9 6 10 52 40

600 -e 6 10 18 11

37 -7 6 10 83 73

?0 6 6 10 449 376

160 -8 6 10 19 22

? -?-11 11 53 12

7 -6-11 11 13 12

19 -5-11 11 47 47

2 -4-11 11 14 0

? -3-11 11 66 0
30 -2-11 11 01 8

23 -1-11 11 33 24

15 0-11 11 -1 4

17 1-11 11 16 21

0 2-11 11 11 6

7 3-11 11 4 0

9 4-11 11 44 38

0 5-11 11 93 87

9 5-11 11 ? 13

3 7-11 11 8 i

1 9-11 11 8 6

0 9-11 11 25 17

20 10-11 11 5 0

44 11-11 11 11 11

40 12-11 11 28 9

8 13-11 11 29 4
53 -10-10 11 2? 1

4 -9-10 11 1 0

2 -O-lO 11 9 7

6 -?-10 11 34 47

35 -6-10 11 50 ?5

25 -5-10 11 22 24

0 -4-10 11 4? 39

2 -9-10 11 61 36

6 -2-10 11 37 65

9 -1-10 11 5 9

41 0-10 11 -1 1

0 1-10 11 17 ?

8 2-10 11 30 35

0 3-10 11 69 64

11 4-10 11 180 190

3 5-10 11 3 6

9 6-10 11 72 64

15 7-10 11 52 65

0 8-10 11 1 1

le 9-10 11 -1 2

29 10-10 11 29 40

14 11-10 11 -0 14

4 12-10 11 30 2

0 13-10 11 22 5

14 -11 -9 11 8 0

0 -10 -9 11 -2 7

1 -9 -9 11 9 11

6 -9 -9 11 17 25

3 -? -9 11 29 9

0 -6 -9 11 11 3

21 -5 -9 11 193 100

0 -4 -9 11 92 80

0 -3 -9 11 -6 8

18 -2 -9 11 130 103

0 -1 -9 11 172 137

17 0 -9 11 4 1

0 1 -9 11 49 94

0 2 -9 11 216 163

16 9 -9 11 32 27

0 4 -9 11 69 95
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Table A.3, continued
H K L 01_ Cal¢ H g b 01_ ¢ale H • L Obe ca1¢ H K L Ot_ talc H K h (:_n calc
..............................

7 4 10 45 41 -7 12 10 5 12 2-26 11 26 18 t-12 11 17 12 6 -6 11 224 104
6 e 1o 96 *4 -6 12 1o -7 2 3-]4 11 16 2 lo-12 11 66 46 6 -9 11 135 ;z2

-14 s 2o 36 o -_ _2 lO 20 17 6-16 11 s 1 _1-12 11 * 22 ? -* 11 6 6
-13 * lo -lO s -4 lZ lO 61 6_ 6-2* 1_ -* o 1=*1211 -1 a 6 -_ 11 * s
-12 6 10 17 0 -$ 12 10 13 6 6-16 11 -11 2 -i*ll 11 16 20 9 -9 11 15 1 9

10 -9 11 19 13 -6 -6 11 637 $36 3 -4 11 223 230 9 -2 11 9? 71 -13 1 11 10 1
11 -9 11 16 4 -4 -6 11 St ?? 4 -6 11 96 96 20 -2 11 214 255 -12 1 11 16 11

12 -9 11 2 13 -3 -4 11 41 64 b -4 11 6 3 11 -2 11 -4 0 -11 1 11 e 3
13 -9 11 -17 $ -2 -4 11 1702 1391 6 -4 11 140 140 18 -2 11 37 7 -10 1 11 4 0

-12 -9 11 16 6 -1 -8 11 3 23 ? -4 11 86 79 13 -2 11 11 20 -9 1 11 3 1
-11 -6 11 30 2? 0 -4 11 24 14 8 -4 11 16 9 -14 -1 11 11 11 -8 1 11 1202 1099

-10 -6 11 3 3 1 -8 11 3? 23 9 -4 11 42 36 -IS -1 11 10 6 -? 1 11 781 710
-9 -6 11 $ 0 2 -8 11 -1 1 10 -4 11 106 90 -14 -1 11 0 1 -6 1 11 -4 1
-8 -6 11 8 3 3 -8 11 S ? 11 -4 18 1 S -13 -1 11 27 26 -b 1 11 424 633

-? -9 11 76 231 4 -6 11 386 363 12 -4 11 2 26 -12 -1 11 44 62 -4 1 11 $34 791
-| -I 11 120 90 5 -6 11 415 403 13 -9 11 -? 22 -11 -1 11 36 8 -3 I 11 140 126

-5 -9 11 26 2? 6 -6 11 113 8? -16 -3 11 ? 10 -10 -1 11 56 4? -2 I 11 161 183
-4 -8 11 27 71 ? -6 11 74 ?2 -16 -3 11 -7 0 -9 -1 11 | 16 -1 1 11 62 77

-3 -9 11 89 64 6 -6 11 182 134 -16 -3 12 0 10 -8 -1 11 13 1 0 1 11 243 27?

-2 -6 11 483 466 9 -6 11 20 36 -13 -3 11 26 41 -7 -1 11 2 1 1 I 11 2 2
-1 -6 18 50 SO 10 -6 11 26 12 -12 -3 11 29 ]1 -8 -1 11 482 417 2 I 11 2365 2270

0 -8 11 -4 4 11 -6 11 -1 17 -11 -3 11 -3 8 -S -1 11 271 265 3 I 11 107 104
1 -| 11 336 262 12 -6 11 32 33 -10 -3 11 144 116 -4 -1 11 -2 12 4 1 11 0 13

2 -9 11 41 27 13 -g 11 2 12 -! -3 11 10 6 -3 -1 11 84 ? S 1 11 121 113
3 -B 11 29 2? -15 -S 11 9 3 -8 -3 11 19 19 -2 -1 11 584 614 6 1 11 625 463

4 -8 11 134 126 -16 -5 11 16 25 -? -3 11 28 16 -1 -1 11 26 44 ? 1 11 69 g1
s-611 -2 1 13 Sll 26 20 -6-311 1o? 67 0-111 , o , 111 16 14
4-611 -1 1 -12-611 lS 26 -6-311 4 , 1-111 .14 74_ , 111 2o, 221
?-811 11, ,, -11-611 4, . -4-311 103 4, 2-111 380 378 10 111 71 62
6-,11 44 6. -Io-,11 ?? 67 -_-311 664 686 3-111 26 26 11 1_1 30 2
,-911 16 , -,-611 80 2? -2-311 74 73 6-111 1 3 12 111 -lS 16

10 -8 11 3 1 -8 -6 11 ? 6 -1 -3 11 380 375 b -1 11 34 14 -16 2 11 -10 14

11 -9 11 19 23 -? -6 11 123 123 0 -3 11 50 65 6 -1 11 45 68 -15 8 11 -1 0
12 -9 11 19 3 -6 -$ I1 0 ? 1 -3 11 1561 1431 ? -1 11 241 303 -14 2 11 16 41

13 -6 11 33 15 -5 -5 11 3 2 2 -3 11 44 36 6 -1 11 270 299 -13 Z 11 ?3 59
-13 -7 11 -2 1 -4 -6 11 56 64 3 -3 11 4 3 9 -1 11 507 478 -12 2 11 21 8

-12 -? 11 15 28 -3 -6 11 374 350 4 -3 11 321 344 10 -1 11 -4 1 -11 2 11 35 84
-11 -7 11 2 3 -2 -5 11 34 14 5 -3 11 SO 89 11 -1 11 61 42 -10 2 11 63 70

-10 -? 11 16 24 -1 -5 11 543 513 6 -3 11 43 29 12 -1 11 95 45 -9 2 11 106 115
-9 -? 11 139 131 0 -b 11 188 204 ? -3 11 69 7? -16 0 11 17 13 -S 2 11 91 93

-I -? 11 240 199 1 -5 11 738 559 6 -3 11 35 31 -15 0 11 14 1 -? 2 11 940 602
-? -? 11 75 61 2 -5 11 40 23 9 -3 11 207 166 -14 0 11 25 4 -6 2 11 $6 $1

123 10 -3 11 11 9 -13 0 11 36 2$ -5 2 11 183 9?-6 -? 11 22 55 3 -5 11 104
-5 -7 11 297 242 4 -5 11 b?? $62 11 -3 11 111 91 -12 0 11 -4 0 -4 2 11 250 24?
-4 -? 11 25? 224 6 -$ 11 16 9 12 -3 11 14 22 -11 0 11 67 71 -3 2 11 212 203

-3 -7 11 21 9 6 -5 11 26 33 13 -3 11 -11 0 -10 0 11 114 113 -2 2 11 311 287
-2 -? 11 36 34 ? -5 11 396 3?5 -16 -2 11 ' 0 -9 0 11 103 64 -1 2 11 10 1$

-1 -? 11 2?4 255 ' -5 11 10 2 -15 -2 11 18 11 -6 0 11 131 150 0 2 11 64 86
0 -7 11 18 13 9 -5 11 5 1 -14 -2 11 21 6 -? 0 11 395 412 1 2 11 516 43?

1 -7 11 ?6 67 10 -$ 11 72 56 -13 -2 11 -6 0 -6 0 11 54 35 2 2 11 750 626
2 -? 11 3 1 11 -5 11 ? 11 -18 -2 11 12 9 -5 0 11 18 28 3 2 11 475 521

3 -? 11 -1 4 12 -5 11 8 0 -11 -2 11 140 109 -4 0 11 2?0 270 4 2 11 449 343
4 -? 11 33 39 13 -5 11 17 2 -10 -2 11 20 29 -3 0 11 2?? 269 5 2 11 164 144

5 -7 11 177 171 -15 -4 11 37 12 -9 o2 11 -2 3 -2 0 11 42 24 6 2 11 ?3 44

-7 11 194 200 -14 -4 11 -? 0 -0 -2 11 813 202 -1 11 132 124 ? 2 11 165 164
0

-? 11 76 ?2 -13 -4 11 -2 4 -? -2 11 48 53 0 0 11 401 444 8 2 11 143 118

-7 11 ?$ 62 -12 -4 11 24 31 -6 -2 11 355 324 1 11 1462 1327 9 2 11 40 61
0

-? 11 62 6? -11 -4 11 181 112 -5 -2 11 1185 1147 8 0 11 175 156 10 8 11 4 2?

10 -7 11 ]10 102 -10 -4 11 5 3 -4 -2 11 930 934 3 0 11 1887 1793 11 2 11 43 50
11 -? 11 0 1 -9 -4 11 12 1 -3 -2 11 103 )10 4 0 11 309 249 -15 3 11 -? 9

12 -? 11 9 24 -8 -4 11 94 $5 -8 -2 11 69 102 5 0 11 26 33 -14 3 11 69 49

13 -7 11 23 35 -7 -4 11 -2 0 -1 -2 11 94 B? 6 0 11 ?89 723 -13 3 11 -? 0
-14 -6 11 6 3 -6 -4 11 90 115 0 -2 11 339 869 ? 0 11 483 542 -12 3 11 0 7

-13 -6 11 32 14 -5 -4 11 193 164 1 -2 11 42 5? 8 0 11 63 50 -11 3 11 124 92

-18 -6 11 67 67 -4 -4 11 199 191 2 -2 11 137 132 9 0 11 3 3 -10 3 11 -5 1
-11 -6 11 36 30 -3 -4 11 88 92 3 -2 11 311 253 10 0 11 116 110 -9 3 11 93 95

-10 -6 11 118 105 -2 -4 11 791 69? 4 -2 11 429 384 11 0 11 41 41 -8 3 11 654 600

-9 -6 11 34 35 -1 -4 11 93 115 5 -2 11 -3 8 12 0 11 -? 1 -? 3 11 100 101

-6 -6 11 93 98 0 -4 11 489 37$ 6 -2 11 343 25_ -16 i 11 3 1o -6 3 11 46 89
-? -6 11 9 3 1 4 11 26 28 ? -8 11 67 50 -15 ] 11 13 19 -5 3 11 403 339

-6 -6 11 101 92 2 -6 11 377 410 6 -2 11 114 77 -14 1 11 71 43 -4 3 11 622 567
30 -2 12 11 15 24 -4-14 12 -11-3 3 11 216 192 10 5 11 25 22 b 6 11 47

-2 3 11 5 3 -14 4 11 -4 2 6 ' 11 150 164 -1 12 11 -3 ' -3-14 12 34
-1 3 11 287 264 -13 6 11 5 22 ? 9 11 17 IO 0 12 11 17 32 -2-19 12 6

0 3 11 443 412 -12 6 11 33 10 -13 9 11 13 81 1 12 11 84 38 -1-14 12 6
1 3 11 6 3 -11 6 11 16 13 -12 9 11 3 13 8 12 11 14 18 O-lq 18 40

2 3 11 191 151 -10 6 11 -5 3 -11 $ 11 33 12 3 12 11 0 5 1-14 12 -10
3 3 11 ? 4 -9 6 11 62 46 -10 9 11 40 1 4 12 11 -13 4 2-14 12 9

4 3 11 501 465 -8 6 11 133 119 -9 9 11 17 ? 3 18 11 38 6 3-14 12 23

5 3 11 147 102 -7 6 13 -b 2 -9 9 11 4 17 -9 13 11 3 11 4-14 12 9
6 3 11 443 458 -6 6 11 47 39 -7 9 11 10 9 -6 13 13 1 4 5-14 12 0

? 3 11 174 160 -5 6 11 326 314 -6 6 13 ?4 93 -7 13 11 3 4 6-14 12 43

9 3 11 10 4 -4 6 11 835 24? -5 9 11 111 104 -4 13 11 10 0 7-14 12 46
69 3 11 69 38 -3 6 11 109 126 -4 9 11 -2 1 -5 13 11 37 32 8-14 12

10 3 11 132 137 -2 6 11 171 213 -3 9 11 62 74 -4 13 11 3D 23 -5-13 12 12
55 13 -4-13 18 -311 3 11 -15 1 -1 6 11 374 350 -2 9 11 69 ?? -3 13 11

-15 4 11 2 1 0 6 11 421 3?0 -1 9 11 43 30 -2 13 11 0 - 0 -3-13 12 6
-14 4 11 58 40 1 6 11 0 12 0 9 11 15 11 -1 13 11 ? 4 -2-13 12 53
-13 4 11 38 53 2 6 11 ? 2 1 9 11 127 110 0 13 11 -? 1 -1-13 12 44

-12 4 11 15 29 3 6 11 23 23 2 9 11 96 77 1 13 11 ? 2 0-13 12 -1
-11 4 11 1 2 4 6 11 16 16 3 9 11 20 40 2 13 11 -1 0 1-13 12 18

-10 4 11 116 69 S 4 11 6? 6? 4 9 11 ?4 67 3 13 11 39 6 2-13 12 20
-9 4 11 92 ?5 4 4 11 136 152 5 9 11 61 ?3 4 13 11 26 1 3-13 12 14

-$ 4 11 44 26 ? 8 11 82 13 6 9 11 2 2 -? 14 11 -2 1 4-13 12 5
-? 4 11 102 67 6 6 11 4 11 -12 10 11 6 9 -6 14 11 -? 6 5-13 12 16

-6 4 11 36 32 9 4 11 61 35 -11 10 11 -22 1 -5 14 11 34 15 4-13 12 25
-5 4 11 426 32? -14 ? 11 -11 0 -10 10 11 37 20 -4 14 11 -10 ? 7-13 12 -3
-4 4 11 14 5 -13 ? 11 9 8 -9 10 11 22 25 -3 14 11 43 0 8-13 12 O

-3 4 11 0 3 -12 ? 11 5 13 -9 10 11 1 3 -2 14 11 42 10 9-13 12 15
-2 4 11 244 212 -11 ? 11 ? 10 -? 10 11 b 4 -1 14 11 -3 2 -6-12 12 54

-1 4 11 14 21 -10 ? 11 130 104 -6 10 11 15 6 0 14 11 9 0 -5-12 12 16

0 4 11 -1 0 -9 ? 11 34 34 -5 10 11 5 3 1 14 11 -3 0 -4-12 12 -5
1 4 11 215 173 -i ? 11 -b 1 -4 10 11 41 63 2 14 11 26 2 -3-12 12 50

2 4 11 259 234 -7 ? 11 74 4$ -B 10 11 ?2 4? 3 14 11 14 1 -2-12 12 0

4
0

9
1

2
81

13
4

3O
26

9
0

1
0

15
24

10

11
6

?
25

o
7

21
3?

14
o

311
?
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Table A.3, continued

H • L _ Calc H K L O_ ¢31c H g L ON C_Ic H g L _ CeIc H g b Ol_ Celt

..................... _i .......
3 4 11 87 76 -6 7 11 107 93 -2 10 11 14 17 4 1 1 0 3 -1-12 12 -9 1

4 4 11 125 125 -S 7 11 221 204 -1 10 11 37 22 -3 15 11 41 7 0-12 12 0 16

S 4 11 246 262 -4 7 11 20 20 0 10 11 164 139 -2 14 11 97 4 1-12 12 • 0

6 4 11 47 41 -3 7 11 305 289 1 10 11 145 148 -1 l• 11 -10 1 2-12 12 - 4 1

7 4 11 66 SS -2 7 11 365 359 2 10 11 0 • 0 IS 11 49 1 3-12 12 10 11

| 4 11 164 156 -1 7 11 110 96 3 10 11 114 104 1 15 11 41 4 4-12 12 32 29

9 4 11 125 129 0 7 11 -3 1 4 10 11 112 106 2-12 12 -5 1 5-12 12 26 32

10 4 11 4 D 1 7 11 24 29 S 10 11 1S 1 3"1| 12 -7 0 6-12 12 3 0

-15 S 11 S 2 2 ? 11 2 7 -11 11 11 03 37 4-14 12 25 3 7-12 12 S 16

-14 S 11 24 33 3 ? 11 42 57 -10 11 11 33 29 5-11 22 -10 4 0-12 12 11 19

-13 S 11 0 24 4 ? 11 194 198 -t 11 11 -11 1 1-17 12 -10 $ 9-12 12 1$ 2

-12 5 11 44 75 5 ? 11 $2 40 -| 11 11 *$ 0 2-17 12 15 0 10-12 12 -4 e

-11 5 11 38 44 • 7 11 10 4 -7 11 11 -3 0 3-17 12 4• $ 11-12 12 13 26

-10 5 11 14 1 ? 7 11 132 133 -4 11 11 3 $ 4-17 12 32 4 -7*11 12 10 1G

-9 $ 11 20 25 • 7 11 44 44 *S 11 11 2 19 5-17 12 25 4 -6-11 1r2 34 14

-| $ 11 25 20 -13 8 11 -10 3 -4 11 11 lS 14 6*17 12 $ 0 -3-11 12 44 11

-7 $ 11 224 177 -12 2 11 4 2 -3 11 11 9 0 1-16 12 -7 S -4-11 12 15 7

-6 5 11 J5 33 -11 4 11 27 21 -2 11 11 53 64 2-16 12 -9 5 -3-11 12 11 4

-5 S 11 14 3 -10 4 11 -i 2 -1 11 11 09 |& 3-16 12 $ 3 -2-11 12 -7 1

-4 $ 11 24 1 -3 I 11 9 19 0 11 11 55 47 4-16 12 21 0 -1-11 12 23 7

-3 S 11 102 31 -| | 11 $2 91 1 11 11 13 4 5-16 12 10 0 0-11 12 -4

-2 5 11 35 37 -7 | 11 5 11 2 11 11 14 25 6-16 12 46 1 1-11 12 -1 7

-1 5 11 75 74 -6 m 11 14 1 3 11 11 71 35 7-16 12 15 o 2-11 12 7 2
o 5 11 464 453 5 4 11 112 111 4 11 11 lO 7 -2-15 12 -14 7 3-11 12 47 52
1 5 11 229 207 -4 $ 11 265 241 S 11 11 15 0 -1-15 12 14 2 4-11 12 14 5

a 5 11 5 o -3 6 11 33 42 -lO 12 11 27 11 o-16 12 -7 4 $-11 12 a 5
a 5 11 -2 1 -2 m 11 22 14 -s 12 11 Im 7 1-15 12 * 5 *-11 12 31 43
4 5 11 355 300 -1 6 11 106 136 -| 12 11 16 1 2-15 12 9 0 7-11 12 23 24

5 5 11 19 15 0 I 11 27 31 -7 12 11 7 4 3-15 12 14 6 8-11 12 15 4

6 5 11 21 5 1 8 11 11 15 -6 12 11 22 27 4-15 12 ? 5 9-11 12 13 10

7 S 11 245 232 2 $ 11 53 40 -5 12 11 50 7 5-15 12 7 7 10oll 12 -7 7

B 5 11 60 64 3 $ 11 135 116 -4 12 11 9 1 6-15 12 11 0 11-11 12 2 1

9 b 11 12 6 4 6 11 64 40 -3 12 11 17 19 7-15 12 7 4 12-11 12 -2 2

-9-10 12 0 3 10 -4 12 15 13 -5 -5 12 117 99 6 -3 12 381 313 -15 0 12 33 10

-7-10 12 -1 1 11 -6 12 16 34 -4 -5 12 221 198 7 -3 12 99 95 -14 0 12 21 0

-6-10 12 106 61 12 -4 12 141 96 -3 -5 12 205 179 9 -3 12 3 5 -13 0 12 8 4

-5-10 12 50 36 13 -9 12 43 17 -2 -5 12 97 43 9 -3 12 153 140 -12 0 12 29 23

-11 0 12 15 6
-4-10 12 46 32 -12 -7 12 46 56 -1 -5 12 9 10 -3 12 10 35

-3-101, 20 1-11-712 , , 0.512 21 223 11-312 2, :.1:01, 41 15-2-10 12 -3 -10 -7 12 19 20 I -$ 12 175 166 12 -3 12 15 - 0 12 84 97

-1-10 12 16 25 -9 -7 12 1 4 2 -5 12 -1 1 -16 -2 12 -12 7 -4 0 12 401 366

0-10 12 31 59 -8 -7 12 0 6 3 -5 12 25 32 -15 -2 12 -7 1 -7 0 12 2 1

1-10 12 27 19 -7 -7 12 42 |0 4 -5 12 203 177 -14 -2 12 -4 3 -6 0 12 44 54

2-10 12 21 32 -6 °7 12 227 192 5 -5 12 239 223 -13 -2 12 39 29 -5 0 12 21 14

3-10 12 0 2 -5 -7 12 6 4 6 -5 12 177 175 -12 -2 12 24 24 -4 0 12 169 107

9-10 12 41 65 -4 -7 12 9 5 7 -5 12 15 5 -11 -2 12 4) 55 -3 0 12 3 1

5-10 12 11 23 -3 -7 12 267 259 I -S 1_ 4 S -10 -2 12 144 111 -2 0 12 94 79

6-10 12 11 15 -2 -7 12 369 331 9 -5 12 25 27 -9 -2 12 e 4 -1 0 12 339 295

7-10 12 -2 0 -1 -7 12 102 72 10 -5 12 ' 26 32 -9 -2 12 213 179 0 0 12 41 26

8-10 12 4 7 0 -7 12 57 45 11 -5 12 71 12 -7 -2 12 36 47 i 0 12 256 256

9-10 12 ] ] 1 -7 12 9 6 12 -5 12 -9 19 -6 -2 12 760 670 2 0 12 559 474

10-10 12 0 0 2 -7 12 49 48 -14 -4 12 -5 9 -5 -2 12 9 1 3 0 12 1006 99411.1012 -5 7 3.712 11. 112-13-912 -6 5 -4-212 40 19 . 012 , 10
12-10 12 -7 10 4 -7 12 62 46 -12 -4 12 20 9 -3 -2 12 539 5?0 5 0 12 114 115

-10 -9 12 1 5 5 -7 12 23 19 -11 -4 12 0 6 -2 -2 12 262 275 6 0 12 245 219

9 -1 4 9 7 0 12 55 41., 912 0 6-712 i -10-912 72 71 -12 12
-8 -9 12 1 3 7 -7 12 5] 67 -9 -4 12 3 0 0 -2 12 37 27 8 0 12 40 46

-7 -9 12 36 5 9 -7 12 64 54 -9 -4 12 -2 0 1 -2 12 43 53 9 0 12 49 75

-6 -9 12 32 37 9 -7 12 25 22 -7 -4 12 2 1 2 -2 12 1250 1151 10 0 12 -3 3

-5 -9 12 25 3 10 -7 12 11 6 -6 -4 12 112 116 3 -2 12 269 300 11 0 12 72 92

-6 -9 12 -9 3 11 -7 12 67 56 -5 -4 12 )3 6 4 -2 12 25 11 -16 I 12 264 12

-3 -9 12 26 19 12 -7 12 79 29 -4 -4 12 103 111 5 -2 12 166 198 -15 1 12 -6 0

-2 -9 12 -1 6 29 -7 12 2? 2 -3 -4 12 252 276 6 -2 12 57 41 -14 i 12 66 59

-1 -9 12 59 49 -19 -6 12 -7 11 -2 -4 12 ? 4 7 -2 12 118 97 -13 1 12 37 39

0 -9 12 198 220 -12 -6 12 0 19 -1 -4 12 58 38 8 -2 12 358 293 -12 1 12 33 7

1 -9 12 20 25 -11 -6 12 -6 4 0 -4 12 16 3 9 -2 12 144 243 -11 1 12 40 36

2 -9 12 5 14 -10 -6 12 -3 5 1 -4 12 -1 1 10 -2 12 6 23 -10 I 12 55 30

3 -9 12 111 129 -9 -6 12 114 102 2 -4 12 97 113 11 -2 12 |8 98 -9 1 12 31 50

4 -9 12 7 S -m -6 12 146 155 3 -4 12 994 B71 12 -2 12 92 47 -8 I 12 27 33

5 -9 12 0 1 -7 -6 12 143 126 4 -4 12 200 175 -16 -1 12 19 1 -7 1 12 409 374

6 -9 12 40 45 -6 -6 12 -7 0 5 -4 12 244 239 -15 -1 12 -1 6 -6 1 12 32 40

7 -9 12 32 32 -5 -6 12 112 115 6 -4 12 20 30 -14 -1 12 11 14 -5 1 12 5 3

6 -9 12 12 7 -4 -6 12 75 71 7 -4 12 73 66 -13 -1 12 6 12 -4 1 12 100 107

9 -9 12 3 0 -3 -6 12 55 65 9 -4 12 90 78 -12 -1 12 0 10 -3 1 12 323 292

10 -9 12 10 1 -2 -6 12 415 416 9 -4 12 32 20 -11 -1 12 96 76 -2 1 12 46 60

11 -9 12 7 0 -1 -6 12 201 169 10 -4 12 °4 7 -10 -1 12 27 29 -1 I 12 -1 0

12-91216 1_-61293 7111-41250 25-9-11212 10112464561
13 -9 12 32 °6 12 10 19 12 -4 12 9 $ -6 -1 12 45 39 1 12 269 322

-11 -9 12 -1 4 2 -6 12 20 32 -15 -3 12 33 14 -7 -1 12 941 866 2 1 12 932 898

-10 °9 12 15 5 3 -6 12 455 365 -14 -3 12 0 0 -6 -1 12 7 0 3 1 12 779 717

-9 -9 12 46 37 4 -6 12 55 30 -13 -3 12 -6 3 -5 -1 12 345 302 4 1 12 19 9

-8 -9 12 22 19 5 -6 12 50 37 -12 -3 12 34 19 -4 -1 12 193 166 5 I 12 64 45

-7 -I 12 42 19 6 -6 12 226 193 -11 -3 12 37 58 -3 -1 12 37 48 9 I 12 100 110

-6 -8 12 96 63 7 -6 12 61 53 -10 -5 12 0 • -2 -1 12 120 149 7 1 12 123 125

-5 -9 12 241 252 6 -6 12 5 17 -9 -3 12 4 4 -1 °1 12 249 267 9 I 12 22 30

-4 -8 12 166 135 9 -6 12 -2 3 -8 -3 12 207 202 0 -1 12 72 41 9 1 12 19 4

-3 -9 12 -9 0 10 -6 12 -4 18 -? -3 12 90 50 1 -1 12 46 50 10 ) 12 65 51

°2 -9 12 215 221 11 -6 12 52 26 -6 -3 12 245 256 2 -1 12 96) 881 11 1 12 51 62

-1 -9 12 595 569 12 -6 12 6 12 -5 *3 12 144 131 3 -1 12 928 799 -15 2 12 -13 1

0 -9 12 73 71 13 -6 12 °17 6 -4 -3 12 368 329 4 -1 12 35 25 -14 2 12 4

1 -9 12 57 6 -14 -5 12 0 0 -3 -3 12 180 197 5 -1 12 9 2 -15 2 12 -
7 7

2 -9 12 156 166 -15 °5 12 -5 0 -2 -3 12 302 309 6 -1 12 539 591 -12 2 12 54 14

3 -4 12 211 165 -12 -5 12 6 1 -1 -3 12 290 272 7 -1 12 182 177 -11 2 12 23 26

4 -9 12 1 0 -11 -5 12 0 1 0 -3 12 51 72 $ -1 12 -5 4 -10 2 12 0 6

5 -9 12 11 16 -10 -5 12 66 64 I -3 12 1 0 9 -1 12 77 63 -9 2 12 17 3

6 -8 12 101 61 -9 -5 12 75 46 2 -3 12 539 556 10 -1 12 111 109 -8 2 12 355 272

7 -4 12 0 13 -9 -5 12 2 0 3 -3 12 595 506 11 -1 12 37 37 -7 2 12 188 175

9 -9 12 40 52 -7 -5 12 9 7 4 -3 12 -5 7 12 -1 12 31 10 -6 2 12 13 19

9 -$ 12 19 3) -6 -5 22 161 303 5 -3 12 8 17 -16 0 12 -] 6 -S 2 12 272 250

-4 2 12 463 446 9 4 12 27 9 4 7 12 12 22 -4 11 12 -2 3 6-14 13 1 4

-3 2 12 39 37 -14 5 12 11 0 5 7 12 69 77 -3 11 12 39 21 -5-13 13 -7 33

-2 2 12 19 23 *13 5 12 -7 4 6 7 12 72 63 -2 11 12 20 12 -4-13 13 -5 0

-1 2 12 349 294 -12 5 12 -4 2 7 7 12 16 10 -1 11 12 26 15 -3-13 15 7 1

0 2 12 402 454 -11 5 12 5 1 -13 6 12 0 9 0 11 12 60 59 -2-13 13 -1 10

w
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Table A.3, continued
H K L Obe CaZc H g L 01_ Calc N K L OIm C_Ic H g b Otto Calc H g L _ C21¢

........................................

1 2 12 106 Ig -10 S 12 -2 10 -12 I 12 -19 3 1 11 12 l 20 -3-13 13 -_ ?
2 2 12 33 24 -9 S 12 74 50 -11 O 12 -7 2 2 11 12 1 3 0-13 13 3 24

3 2 12 12 as -0 3 12 47 _o -lO . 12 -9 2 32112 s2 13 1-1333 41 39
4 2 12 4_ 43 -_ 312 lO 3 -_ . 12 13 . 4 11 12 29 I. 2-1313 -_ !
$ 2 12 77 104 -4 $ 12 149 103 -8 8 12 0 0 °9 12 12 SO 17 3-13 13 -9

4

6 2 12 345 290 -S 6 12 SO S2 -? m 12 30 16 -8 12 12 32 3 4-13 13 20 34

? 2 12 22 32 -4 9 12 136 150 -6 8 12 199 176 -7 12 12 6 S 5-13 13 0 0

8 2 12 21 21 -3 S 12 74 74 -S 8 12 69 47 *6 12 12 12 6 6-13 13 53 29

9 2 12 40 26 -2 S 12 144 129 -4 O 12 -2 7 -5 12 12 54 44 7-13 13 41 49

10 2 12 54 56 -1 S 12 122 116 -3 O 12 300 266 -4 12 12 54 21 -6-12 13 15 1

11 2 12 -15 3 0 S 22 5 1 -2 O 12 343 274 -3 12 12 -9 2 -S-lZ 13 4 17

-15 3 12 -9 1 1 S 12 Oo 99 -1 O 12 109 124 -2 12 12 13 4 -4-12 13 23 15

-14 3 12 40 31 2 5 12 179 164 0 $ 12 12 0 "1 12 12 12 | -3-12 13 17 1

-13 3 12 o 3 3 6 12 29 20 1 4 12 •3 32 012 12 16 3 -2-12 lS -1o 2
-12 3 12 6 o 4 s 12 1 4 2 o 12 29 24 112 12 -12 I -1-12 13 23 2•
-21 3 12 60 42 S 3 12 121 293 3 O 12 2 13 2 12 12 27 S 0-12 13 13 5

-10 3 12 90 79 • 3 12 96 6g 4 O 12 79 101 3 12 12 -8 9 1-12 13 11 0

-9 312 93 98 7 s12 o 4 s 8 12 oi 06 -o 2312 -lO 2 2-12 13 2 7
-8 3 12 9 7 8 S 12 -3 S 4 O 12 -10 2 -7 13 12 24 0 3-12 13 -3 10

-7 3 12 184 150 9 S 12 -17 12 -12 9 12 29 0 -6 13 12 32 2 4-12 13 4 7

-• 3 12 361 313 -14 6 12 -8 1 -11 9 12 -S 11 -5 13 12 -? 0 3-12 13 66 70

-3 3 12 168 299 -13 6 12 43 12 -10 8 12 53 34 -4 13 12 8 1 6-12 13 92 72

-4 3 12 375 347 -12 6 12 1 4 -9 9 12 -2 2 -3 13 12 -14 S 7-12 13 20 26
- -2 13 12 38 15 8-12 13 -S 1-3 3 12 18 2 -11 6 12 -? 1 • 8 12 27 15

2312 1. 22 10,12 23 24-7,12 23 24 11312 ,. 1 71113 32 1,
-1 3 12 -2 0 -9 6 12 S 0 o6 9 12 -1 10S13 12 0 -6-11 13 ?S 36

0312 18S 162-8,12 44 33-S812 14 12 11312 10 0-3-1113 24 4'

3 12 107 107 -76 12 22 24 -4 8 22 40 _4 2 13 12 -9 9 -4-11 13 SS 7

2 3 12 90 SO -6 | 12 38 16 -3 8 12 80 103 3 13 12 -1S 8 -3-11 13 -9 0

3 3 12 44 •0 -S 6 12 -4 0 -2 8 12 08 87 -6 14 12 20 3 -2-11 13 0 18

4 _ 12 116 113 -4 6 12 41 54 -1 9 12 1 3 -5 14 12 -17 0 -1-11 13 3 0

S 3 12 386 294 -3 6 12 SS8 52_ 0 9 12 36 20 -4 14 12 -10 3 0-11 13 13 3

6 3 12 13 4 -2 6 12 29 35 1 5 12 14 14 -3 14 12 9 4 1-11 13 -1 14

7 3 12 114 9Q -1 6 12 -2 0 2 5 12 21 5 -2 14 12 -10 1 2-11 13 s 7

9 3 12 242 227 0 6 12 76 88 3 9 12 101 109 -1 14 12 -3 6 3-11 13 2 0

9 3 12 SO 43 1 6 12 )7 23 4 5 12 39 61 0 14 12 47 5 4-11 13 20 23

10 3 12 -1 4 2 6 12 10 13 S 9 12 13 1 I 14 12 -14 10 5-1] 1_ 1 4 1

-13 4 12 73 8 3 6 12 22 32 -12 10 12 0 8 2 14 12 30 3 6-11 13 9 0

-14 4 12 0 2 4 6 12 100 104 -11 10 12 1 22 3-18 13 -10 10 7-11 13 14 13

-13 4 12 -1 0 5 6 12 54 49 -10 10 12 2 1 3-1? 13 9

-12 4 12 22 0 6 6 12 179 165 -9 10 12 48 33 4-17 13 -10

-11 4 12 • 16 ? 4 12 46 53 -8 10 12 27 1 3-16 13 -13

-10 4 12 24 16 8 • 12 11 8 -? 10 12 11 1 4-16 13 27

-9 4 12 -1 6 -14 ? 12 6 26 -6 10 12 21 18 3-16 13 0

-8 4 12 114 93 -13 7 12 37 16 -3 10 12 34 23 -1-15 13 -1 ?

-7 4 12 151 127 -12 ? 12 • 0 -4 10 12 23 17 0-1S 13 -1

-6 4 12 14 2 -11 ? 12 16 2 -3 10 12 1 1 1-1$ 13 26

-5 4 12 0 1 -10 7 12 8 3 -2 10 12 18 12 2-15 13 20

-4 4 12 -2 7 -9 ? 12 19 30 -1 10 12 12

-3 4 12 84 101 -8 7 12 67 67 0 10 12 27

-2 4 12 25 40 -7 7 12 33 32 1 10 12 49

-1 4 12 7? 64 -6 7 12 18 15 2 10 12 62

0 4 12 343 306 -5 7 12 189 178 3 10 12 -1

1 4 12 23 28 -4 7 12 40? 392 4 10 12 -12

2 4 12 1 3 -3 7 12 10 0 5 10 12 32

3 4 12 226 192 -2 7 12 88 103 -10 11 12 -S

4 4 12 138 173 -1 7 12 242 240 -9 11 12 -1

3 4 12 2 2 0 7 12 21 25 -8 11 12 5

6 4 12 132 92 1 7 12 41 24 -7 11 12 9

7 4 12 207 202 2 ? 12 116 106 -S 11 12 50

8 4 12 94 83 3 7 12 05 85 -S 11 12 5

6 8-11 13 20 18

? 9-11 13 -4 3

1 10-11 13 19 1

0 11-11 13 70 17

0 -0-10 13 23 13

1 -7-10 13 15 17

0 -6-10 13 14 4

0 -5-10 13 20 6

2 -4-10 13 40 19

5 3-13 13 16 0 -3-10 13 4 0

14 4-13 13 1 1 -2-10 13 23 0

61 5-15 13 10 0 -1-10 13 163 124

62 6-15 13 17 3 0-10 13 15 15

6 -3-14 13 -8 0 1-10 13 6 0

2 -2-14 13 -0 ? 2-10 13 15 6

34 -1-14 13 -12 6 3-10 13 12 22

? 0-14 13 22 1 4-10 13 13 4

0 1-14 13 -11 3 5-10 13 17 4

2 2-14 13 9 1 •-10 13 18 ?

3 3-14 13 -3 0 7-10 13 24 24

42 4-14 13 18 S 8-10 13 15 1

4 3-14 13 19 22 9-10 13 3 0

? -2 13 143 100 -9 1 13 2710-10 13 8 1 7 -? 13 42 43 -4 -4 13 2 1 53

12-10 13 32 0 8 -7 13 4 2 -3 -4 13 23 33 8 -2 13 19 6 -8 1 13 86 100

12-10 13 2 3 9 -? 13 -6 0 -2 -4 13 222 203 9 -2 13 ?0 ?9 -? 1 13 -3 2

-9 -5 13 -9 19 10 -7 13 31 18 -1 -4 13 -1 1 10 -2 13 50 94 -6 1 13 0 0

-3 -5 13 2 16 11 -_ 13 32 1 0 -4 13 4 0 11 -2 13 -2 9 -5 I 13 89 02

-7 -9 13 33 0 12 -7 13 25 15 1 -4 13 433 418 -13 -1 13 29 1 -4 ] 13 -1 4

-6 -9 13 24 2 -12 -6 13 11 15 2 -4 13 1821 1639 -14 -1 13 4 11 -3 1 13 0 0

-S -9 13 46 95 -11 -6 13 21 13 2 -4 13 314 299 -13 -1 13 51 41 -2 1 13 36? 298

-4 -9 13 43 42 -10 -6 13 180 162 4 -4 13 3 10 -12 -1 13 14 16 -1 1 13 71 93

-3 -9 13 13 10 -9 -6 13 3? 41 3 -4 13 165 156 -11 -1 13 -4 0 0 1 13 28 24

-2 -9 13 213 254 -8 -6 13 22 33 6 -4 13 192 176 -10 -1 13 30 14 1 1 13 63 42

-1 -9 13 144 133 -7 -6 13 32 3 ? -4 13 -4 1 -9 -1 13 12 2 2 I 13 317 274

0 -9 13 -1 0 -6 -6 13 192 157 8 -4 13 76 68 -8 -1 13 28 21 3 1 13 19 54

1 -5 13 16 19 -S -6 13 94 110 9 -4 13 111 110 -? -1 33 350 323 4 i 13 53 71

2 -9 13 96 61 -4 -6 13 22 12 10 -4 13 24 4 -6 -1 13 349 308 S 1 13 147 138

3 -9 13 102 104 -3 -6 13 -3 1 11 -4 13 -1 3 -S -1 13 121 110 6 1 13 221 201

4 -5 13 14 2 -2 -6 13 117 96 12 -4 13 -14 2 -4 -1 13 94 101 7 1 13 S 2

5 -9 13 17 13 -1 -6 13 71 ?0 -14 -3 13 3 9 -3 -1 13 33 17 8 i 13 34 50

6 -9 13 53 42 0 -6 13 4 10 -13 -3 13 36 31 -2 -1 13 320 322 9 1 13 12 9

7 -9 13 4 0 1 -6 13 58 43 -12 -3 13 -1 11 -1 -1 13 ? 0 10 i 13 26 ?

8 -9 13 23 29 2 -6 13 8 6 -11 -3 13 -1 0 0 -1 13 2 1 -13 2 13 17 0

9 -8 13 17 2 3 -6 13 2 7 -10 -3 13 43 3? 1 -1 13 62 54 -14 2 13 11 21

10 -9 13 -7 1 4 -$ 13 166 138 -9 -3 13 10 18 2 -1 13 31 30 -13 2 13 4 0

11 -9 13 2? 21 S -6 13 30 13 -8 -3 13 203 217 3 -1 13 331 53? -12 2 13 -3 4

12 -9 13 3? 15 6 -6 13 ? 3 -? -3 13 1 1 4 -1 13 130 58 -11 2 13 -6 15

-10 -8 13 36 31 ? -6 13 14 17 -6 -3 33 190 163 3 -1 13 83 39 -10 2 13 -5 27

-9 -8 13 -2 2 8 -6 33 4 10 -5 -3 13 11 19 • -1 13 90 91 -9 2 13 38 30

-8 -8 13 ? 1 9 -6 13 45 61 -4 -3 13 -2 3 7 -1 13 101 77 -8 2 13 32 8

-? -8 13 36 29 10 -4 13 -S 2 -3 -3 13 139 103 8 -1 13 41 3? -? 2 13 321 232

-6 -9 13 46 39 11 -6 13 53 42 -2 -3 13 311 308 9 -1 13 44 38 -6 2 13 203 204

-5 -8 13 -4 12 12 -6 13 -? 16 -1 -3 33 36 67 10 -1 13 8 2 -3 2 13 122 110

-4 -8 13 19 3 -13 -S 13 -? 3 0 -3 13 42 48 11 -1 13 68 72 -4 2 13 22 48

-3 -9 13 17 13 -12 -5 13 2 10 1 -3 13 1292 1166 -13 0 13 15 S -3 2 13 96 95

-2 -9 13 13 42 -11 -3 13 72 ?4 2 -3 13 3?6 408 -14 0 13 45 41 -2 2 13 147 125

-1 -8 13 66 73 -10 -5 13 103 107 3 -3 13 334 525 -13 0 13 -2 4 -1 2 13 23 10

0 -8 13 4? 41 -9 -3 13 14 19 4 -3 13 134 132 -12 0 13 13 4 0 2 13 348 337

1 -8 13 133 119 -8 -3 13 2 14 S -3 13 200 178 -13 0 13 66 34 1 2 13 643 386

2 -8 13 14 13 -7 -5 13 ? 3 6 -3 13 -1 1 -10 0 13 ? 0 2 2 13 2 1

3 -8 13 17 8 -6 -S 13 10 11 7 -3 13 351 196 -9 0 13 47 33 3 2 13 74 92

4 -e 13 lO8 103 -s -3 13 161 170 8 -3 13 es 87 -9 0 13 397 387 4 2 13 378 336

5 -$ 13 2 ] -4 -3 13 4? 43 9 -3 13 0 9 -_ 0 13 254 269 5 2 13 63 44

6 -6 13 -4 3 -3 -S 13 30 26 10 -3 13 31 38 -6 0 13 3 1 • 2 13 6 ?

? -4 13 36 53 -2 -3 13 12 3 11 -3 13 26 39 -3 0 13 82 77 _ 2 13 24? 231
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Table A.3, continued
H g L 01_ talc M K L _ ¢a1¢ N K L 01_ Calc H K L CIsm Ca1© H K L _ ¢a2C

..................................................

- ?. :1,. -5
10 e 13 30

11 e 13

12 $ 13 2e

-11 ? 13

10 -7 13 I

9 ? 13 56

-I -? 13 22

-7 -7 13 3

6 -7 13 0

5 -7 13 290

-4 -7 13 S9

-3 -7 13 .2"7

-2 -? 13 135

-1 ? 53 II

• 0 ? 13 •
1 -7 13 3
2 ? 13 366

3 ? 13 176

4 -? 13 2

5 -? 13 32

6 ? 13 42

6 3 13 251

? 3 13 120

l 3 13 -?

• ' 1' 11

-14 4 13 ?

l]] 4 13 4

-12 4 1' e

-11 4 13 2

-10 4 13 83

-9 4 13 $

-8 4 13 9

? 4 13 34

-6 4 13 414

4 13 64

:: : 1, 41113 117

-2 4 13 24?

-1 4 13 -1

0 4 13 60

1 4 13 '53

2 4 13 61

3 4 13 10

4 4 13 S4

5 4 13 163

IS 4 13 51

? 4 13 115

8 4 13 22

9 4 13 48

-14 5 13 3

-13 5 13 14

-)2 3 13 1

-11 S 13 23

-10 $ 13 14

-9 5 13 33

-t 5 13 105

7 b 13 75

-6 b 13 0

-5 5 13 61

-4 5 13 166

-3 ,5 13 208

-2 5 13 7

-1 5 13 147

0 5 13 104

1 5 13 69

2 5 13 _1

3 5 13 39

4 5 13 149

5 5 13 5

6 5 15 209

7 5 13 34

9 5 13 3

l]3 6 13 -11

-4-12 6 13

-11 5 13 -'7

-10 5 13 2

19 6 13 19

-8 6 13 29

6 13 5

-6 6 13 75

-5 6 13 127

-4 6 13 54

13 6 13 0

s12 _ 13 4
-1 6 13 34

0 6 13 25

1 6 13 69

-10 -5 141 11

-9 -5 14 193

-8 -S 14 81

-7 -5 14 262

-6 -5 14 40

-5 -3 14 '14

-4 -5 14 6

-3 -5 14 25

-2 -3 14 2"/

-1 -5 14 20

0 -5 14 3'19

1 -5 14 60

2 -5 14 494

3 -5 14 12

4 -5 14 5'1

4 -1 -5 13 2 3 12 -3 13 ??

2 0 -5 13 244 246 -13 -2 13 11

• 1 -5 13 174 201 -14 -2 13 37

21 2 -5 13 543 5041 -13 -2 13 10

2 2 -$ 13 571 553 -12 -2 13 22

2 4 5 13 149 116 *11 o2 13 40

6 5 -5 13 -3

51 6 -5 13 111

56 7 -5 13 76

10 l 5 13 56

25 9 15 13 10

266 10 -5 13 l

b5 11 5 13 -6

17 12 -5 13 37

119 13 -4 13 3?

IS -12 -4 15 54

21 -11 -4 13 91

24 -10 4 13 4

240 -' -4 13 9

202 -I 4 13

? ? -4 13 200 305 4 -2 13 '

32 _ 4 13 70 05 5 2 13 0

53 -5 -4 1, 244 230 6 -2 13 2el

209 2 6 13 122 170 I_ 10 13 15

9& , 6 13 106 116 -S 10 13 32

0 4 5 13

2 S 6 13

0 6 6 13

1 7 6 23

10 -13 ? 13

0 -12 ? 13

63 -11 ? 13

24 -10 ? 15

? -9 ? 13 -1

37 -8 7 13 1

49 -7 7 13 17

61 6 ? 13 64

63 -5 7 13 4

259 -4 ? 13 50

217 -3 ? 13 I?4

6 -2 7 13 174

6[ ll ? 13 ]0

'05 0 ? 13 46

39 3 7 13 152
o10 2 ? 13

65 3 ? 13 53

135 4 ? 13 183

39 5 7 13 38

?6 6 ? 13 12

11 -12 6 13 42

15 -11 8 13 17

2 110 8 13 5

2 -9 8 13 )2

5 -8 O 13 35

23 -7 8 13 12

14 -5 8 13 -4

19 -5 6 13 25

102 -4 O 13 103

71 -3 8 13 97

11 -2 8 13 8

47 -3 | 13 5

101 0 6 13 -5

209 1 8 13 43

? 2 O 13 29

14) 3 0 13 21

159 4 8 13 -5

51 5 8 13 -12

60 -12 9 13 51

45 -11 9 13 26

124 -10 9 13 71

1 -9 9 13 75

1`/3 -8 9 13 21

21 -.1 9 13 4

6 -6 9 13 27

-5 9 13 34
4 9 13 13

6 13 9 13 16

0 -2 9 13 19

`/ -1 9 13 90

51 0 9 13 163

9 1 9 13 12`/

SO 2 9 13 -3

113 3 9 13 9

36 4 9 13 4

9 -11 10 13 -16

34 -10 10 13 37

1_ 19 10 13 -3

12 -9 10 13 40

72 -7 10 13 10

30 6 -3 14 206
58 ? -3 14 3

85 9 -3 14 33

251 9 -3 14 47

54 10 -3 14 30

69 11 3 14 11

0 -14 -2 14 32

55 -13 -2 14 -7

36 -12 -2 14 16

13 -11 -2 14 1

2384 -10 -2 14

55 -9 -2 14 25

430 -O -2 14 15

3 -7 -2 14 141

69 -6 -2 14 112

0 -4 0 23 92 83 8 2 13 24 43

15 -3 0 13 31 15 • 2 13 -4 6

20 -2 0 13 I 15 10 2 13 341 64

1 -1 0 13 243 261 -15 ' 13 20 4

6 0 0 13 153 139 -14 , 13 10 0

17 1 0 57 30 19 °13 3 13 15 1

3 -10 -2 13 14 3 2 0 13 126 112 -12 3 13 17 13

125 -$ -2 13 29 20 3 0 23 40 44 -11 3 23 34 43

66 -8 -2 13 238 211 4 0 13 -4 ? -9 3 13 11 10

41 -? -2 13 S21 466 5 0 13 b 20 8 3 13 220 195

13 -6 12 13 6 1 6 0 13 237 321 -? , 13 134 124

25 -S -2 13 349 318 ? 0 13 230 234 -6 3 13 -3 4

, -4 -2 13 1gO 178 l 0 12 -5 3 -5 3 13 42 21

0 13 -2 13 1|9 154 5 0 13 , 1 -4 3 12 62 60

25 -2 -2 13 291 244 10 0 13 100 ,9 -3 3 13 237 262

38 -1 -2 13 390 579 31 0 13 -14 4 -2 • I' 68 70

91 0 -2 23 40 30 -16 1 13 5 0 -1 , 13 70 52

3 1 -2 13 251 264 -15 1 13 -? 2 0 3 13 452 371

15 2 -5 15 954 919 -14 1 13 -3 12 1 , 13 4 1,

? 3 *2 15 1419 172 -13 1 13 38 10 2 3 13 217 178

0 -12 I 1, -? 8 ' 3 13 343 320

2-11113 141 9 4 '23 44 45

239 -10 113 40 23 5 ,13 15 22

18 6 12 141 ' 7 ' 414 410 1

6 -5-12 141 $0 0 17 --' 141 40 0

0 6 -4 10 13 12 5 -4-12 14 3 2 -8 8 14 19 0

9, 515 -3 10 13 , o -3-12 18 15 23 -s-, 24 4 2o

l? 1 0 10 13 21 22 0-12 141 13 31 2 3 14 61 62

11 0 1 10 13 21 2 1-12 14 9 12 -1 ' 14 48 27

14 0 2 10 13 ? ' 2-12 14 2 ? 0 -6 14 9 0

-1 ? 3 10 13 69 62 3-12 14 3 19 ) 8 14 14 3

9 4 10 13 17 31 4-12 14 37 23 2 -0 14 41 42

2 -10 11 13 -17 1 -7-11 14 -15 1 3 -0 14 149 124

1? -9 11 13 23 14 -6-11 14 31 2 4 -3 14 3 6

?0 ' 11 13 1 3 -5-11 141 47 19 5 . 141 14 8
10 -7 11 15 -13 ' -4-11 14 22 16 8 6 14 36 35

59 -' 11 13 -5 ? -3-11 14 2 0 ? -0 14 12 '

16? -5 11 13 17 '1 -2-11 14 2 10 , -8 14 2 0

165 -4 11 13 -7 l -1-11 14 30 47 9 -8 14 17 0

2 -3 11 13 7 4 0-11 141 37 12 10 -8 14 10 2

13 -2 11 13 60 47 1-11 14 33 0 11 9 14 2 3

14o -1 11 1, . 2, 21114 o 9 , -? 14 1, o
13 0 11 13 ? 0 3ll] 141 28 22 -9 -? 14 88 34

412 1 11 13 -12 ) 4-11 14 12 0 -7 -7 14 9 4

138 2 11 13 '$ 30 5-11 14 1 3 -6 -7 14 61 32

38 3 11 13 21 10 6-11 14 ? 1 -5 -7 14 1' 0

3 -8 12 13 -15 1 `/-11 14 -5 1 -4 -7 14 -8 0

10 -7 12 13 1 0 8-11 14 -0 4 13 1 ? 14 53 40

21 -to 12 13 5 ] -?-10 14 46 2 12 -7 14 37 15

29 Ib 12 13 --14 0 -6-10 14 -1 20 --1 17 14 4 6

13 4 ]2 13 43 "19 -5-10 14 13 7 0 -7 14 115 113

35 -3 12 13 35 32 -4-10 14 -4 0 I -7 14 75 89

24 -2 12 13 32 51 -3-10 14 41 29 2 -7 14 73 65

? -1 12 13 10 0 -2-10 14 4 21 3 -7 14 34 31

25 0 12 13 -11 4 -1-10 14 0 2 4 -7 14 55 52

79 1 12 13 28 19 0-10 14 69 44 5 -? 14 27 22

10' 2 12 13 18 10 1-10 14 32 21 5 -? 14 -1 3

21 -7 1' 13 62 14 2-10 14 45 31 ? -7 14 1 1 0

2 -6 13 13 42 12 3-10 14 2 0 9 -7 14 28 14

2 -5 13 13 -16 0 4-10 14 -2 5 9 17 14 36 0

31 -4 13 13 2 9 5-10 14 15 5 10 -7 24 31 17

38 -3 15 13 34 4 6-10 14 -4 0 11 -7 14 11 29

40 -2 13 13 -12 0 ?-10 14 12 21 12 -7 14 32 3

9 -1 13 13 20 10 6-10 14 9 9 -10 -6 14 ? ?

1 O 13 13 10 20 9-10 14 -2 0 -9 -, 14 46 43

4 1 13 13 25 12 10-10 14 b 0 8 -6 14 0 3

4 -4 14 13 -5 1 -8 -9 141 62 13 -7 -6 14 7 5

27 -3 14 13 11 0 -? -9 14 16 7 -6 -6 14 20 16

81 -2 14 13 91 4 -6 -9 141 ? 16 -5 -6 14 194 166

5 -1 14 13 -20 3 -5 -8 141 21 0 -4 -6 14 114 55

1 -1-15 14 10 1 14 -9 14 19 2 -3 -6 14 10 20

35 0-15 14 37 ) -3 -9 14 9 2 -2 -5 14 -4 0

58 1-15 141 -6 0 -2 -9 14 63 62 -1 -6 14 65 45

9 -3-14 14 -17 2 -1 -9 14 93 "18 0 -6 14 12 0

6 -2-14 14 20 0 0 -9 14 53 56 1 -5 14 4`/ 41

1 -1-14 14 ? 0 1 19 14 5 5 2 -6 14 31 51

72 0-14 14 26 , 2 -9 14 0 4 3 -5 14 282 259

121 1-14 14 -11 0 3 -9 14 48 46 4 -5 14 13 2

105 2-14 14 9 1 4 -• 14 60 80 5 -6 14 40 37

14 -4-13 14 15 1 5 -9 14 9 9 6 -8 14 27 67

1 -3-13 14 6 2 6 -9 14 12 5 7 -6 14 44 47
26 -2-1' 14 29 5 7 -9 14 12 12 8 -8 14 2 2

2 -1-13 14 45 21 8 -9 14 7 1 9 -6 14 106 73

? 0-13 14 41 0 9 -9 14 -7 1 10 -5 14 38 55

11 1-13 14 20 2 10 -9 14 -9 2 11 -6 14 -9 4

9 2-13 14 3 3 11 -9 14 11 ? 12 -5 14 -1 10

' 3-13 14 0 1 -9 -8 24 26 22 l]] -5 14 -3 0

176 ? 0 14 16 15 ? 2 14 -5 1 4 5 14 57 32

-2 32 5 5 14 149 1285 -6 0 14 124 116 9 2 14
45 -5 0 14 2 5 9 2 14 61 19 6 5 14 15 O

51 --4 0 14 3 1 -14 3 14 27 3 7 3 14 -6 ?

2T 13 0 14 8 1 -13 3 14 31 13 -13 6 14 39 3

15 -2 0 14 ?2 65 -12 3 14 -12 5 -12 6 14 -10 0

27 -1 0 14 -2 1 -11 ' 14 2 0 -11 6 14 19 2

17 0 0 14 207 172 -10 3 14 27 2? -10 6 14 61 55

4 ] 0 14 3 2 19 3 14 15 1 -9 6 14 30 31

1 2 0 14 14 22 -8 3 14 21 4 -8 8 14 20 6

3 3 0 14 -1 3 -7 3 14 19 13 -? 6 14 3 4

7 4 0 14 125 134 -6 3 14 83 58 -6 5 14 iI i

4 5 0 14 142 113 -5 3 14 2 4 l 5 6 14 7 23

121 6 0 14 120 85 -4 3 14 4 l -4 8 14 04 67

98 ? 0 14 0 6 -3 3 14 583 524 -3 6 14 42 55
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Table A.3, continued
H K L GI_ C.alc H K L GI_ Cal¢ H K L (foe Ca1© H g L Obl Calc H X L _De Calc

..................................................

s-3 34 343 313 -s -2,34 14 _. * 0 14 to3 142 -2 3 14 _0 99 -2 6 14 37 20
• -s 24 30 14 -4 -2 34 33 43 9 0 1. -_ lS -1 3 x4 23 16 -1 _ 1. _2 39

? -5 34 4

i -S 24 93

$ -3 24 _S

10 -S 24 S

11 -$ 14 25

12 -S 14 72

-12 -4 14 -1

-11 -4 14 15

-10 -4 14 le

-7 -4 14 7_

-6 -4 14 " 48

-S -4 24 29

-4 -4 14 $6

-3 -4 14 28

-2 -4 14 60

-1 -4 14 40

0 -4 14 111

I -4 14 22

2 -4 14 102

3 -4 14 071

4 -4 14 32

S -4 14 13

6 -4 14 27

? -4 14 44

8 -4 14 2

4
-4 14 11 -4 14 -S

11 -4 14 34

-13 -3 14 2
-12 -3 14 1 7

-11 -3 14 5

-10 -3 14 11

-9 -3 14 90

-8 -3 14 40,

-7 -3 14 130

-6 -3 14 7

-S -3 14 106

-4 -3 14 85

-3 -3 14 93

-2 -3 14 50

-1 -3 14 180

0 -3 14 4

1 -3 14 59

2 -3 14 999

3 -3 14 5

4 -3 14 0

5 -3 14 6

-4 9 14 37

-3 9 14 2

-2 , 14 -6

-1 9 14 20

0 9 14 26

1 9 14 9

2 9 14 16

3 9 14 82

-10 10 14 19

-9 10 14 43

-8 10 14 ?9

-? 10 14 8

-4 10 14 4

-5 10 14 32

-4 10 14 0

-3 10 14 5

-2 10 14 22

-1 10 14 20

0 30 14 17

1 10 14 -8

2 10 14 O

-9 11 14 -9

-0 11 14 -1

-7 11 14 -14

-4 11 14 23

-S 11 14 21

-4 11 14 -10

-3 11 14 43

-2 11 14 8

-1 11 14 11

0 11 14 18

1 11 14 15

-7 12 14 40

-6 12 14 29

-5 12 14 -5

-4 12 14 8

-3 12 14 4

-2 12 14 12

-1 12 "14 -8

0 12 14 47

-5 13 14 33

-4 13 14 31

-3 13 14 19

-2 13 14 15

-1 13 14 20

-2-14 13 -7

-1-14 1S -14

0-14 15 15

-4-13 15 4

-3-13 15 10

-2-13 13 10

-1-13 15 0

0-13 15 5

0 -3 -2 14 $b 77 10 0 14 -10

60 -2 -2 14 102 97 -15 I 14 -6

34 -1 -2 14 1| 16 -14 1 14 13

0 -2 14 72 60 013 I 14 -6I -2 14 $4 ?2 -12 I 14 21

11 2 -2 14 6 27 -11 I 14 11

0 3 -2 14 496 473 -10 I 14 61

11 4 -2 14 03 ?2 -9 1 14 4

20 3 -2 14 70 71 -0 I 14 1T

3 6 -2 14 13 10 -? 1 14 140

• 7 -2 14 38 37 -6 1 14 2?

62 8 -2 14 SO 2? -S I 14 17

SO 9 -2 14 -$ S -4 I 14 12

30 10 -2 14 3 3 -3 I 14 190

40 11 -2 14 ? 10 -2 I 14 2

13 -14 -1 14 33 9 -1 I 14 64

32 -13 -1 14 21 9 0 1 14 364

40 -12 -1 14 b ? I I 14 32

103 -11 -1 14 32 8 2 I 14 -3

25 -10 -1 14 37 29 3 I 14 323

104 -9 -1 14 73 $6 4 I 14 189

002 -0 -1 14 173 169 S 1 14 43

44 -7 -1 14 130 124 4 I 14 -?

23 -4 -1 14 2 2 ? 1 14 184

27 -3 -1 14 105 07 | I 14 27

40 -4 -1 14 130 124 0 I 14 -1

3 -3 -1 14 12 10 10 I 14 -10

16 -2 -1 14 5 0 -15 2 14 10

12 -1 -1 14 380 171 -14 2 14 -3

4 0 -1 14 40 60 -13 2 14 -6

1 1 -1 14 66 ?2 -12 2 14 10

4 2 -1 14 15 19 -11 2 14 20

? 3 -1 14 23 23 -10 2 14 17

0 4 -1 14 -4 1 -9 2 14 52

94 5 -1 14 27 2? -0 2 14 54

39_ 4 -1 14 149 143 -? 2 14 43

120 ? -1 14 78 97 -6 2 14 23

0 0 3 14 324

0 1 3 14 204

2 2 3 14 -1

1 3 3 14 20

2 4 3 14 41

12 5 3 14 130

30 4 3 14 20

4 ? 3 14 100

11 : 114 06123 14 13

15 -13 4 14 -1

10 -12 4 14 31

1 -11 4 14 3

IO? -10 4 14 14

10 -9 4 14 17

45 -0 4 14 99

310 *? 4 14 115

30 -6 4 14 43

0 -3 4 14 24

254 -4 4 14 144

215 -3 4 14 100

23 -2 4 14 20

4 -1 4 14 332

139 0 4 14 138

12 1 4 14 32

0 2 4 14 112

10 3 4 18 135

4 4 4 14 64

0 b 4 14 13

0 6 4 14 t25

15 7 4 14 41

31 4 4 14 -4

6 -13 5 14 53

22 -12 5 14 14

64 -11 5 14 17

30 -9 14

9 8 -1 14 30 13 -3 2 14 45 61 -4 S 14 35

83 0 -1 14 5 11 -4 2 14 200 204 -7 b 14 23

42 10 -1 14 33 23 -3 2 14 17 21 -4 3 14 32

84 11 -1 14 4 0 -2 2 14 S4 44 -5 $ 14 -2

60 -15 0 14 11 2 -1 2 14 52 51 -4 5 14 -3

175 -14 0 14 27 2? 0 2 14 13 17 -3 $ 14 02

o .3 o14 -7 4 1 2. 14 12 -2 314 60
38 -. 014 6 4 2 214 221 2. -1 314 0

,,s -11 o14 -2 0 9 214 121 .6 o 314 3
3 -lO o14 31 ?o 4 214 2, 21 1 314 3?
2 -9 0 14 89 84 5 2 14 43 50 2 5 14 141

10 -8 0 )4 44 42 6 2 14 161 148 3 5 14 4

34 -2-11 15 8 13 0 -7 15 104 119 ) -4 15 160

0 -1-11 15 -4 14 ) -? 15 12 12 2 -4 15 14
4 0-11 15 25 19 2 -7 15 04 94 9 -4 15 69

34 1-11 15 32 27 3 -? 15 213 200 4 -4 15 3?

5 2-11 15 | 0 4 -? 15 0 3 5 -4 15 79

4 3-11 15 24 14 5 -7 15 26 31 4 -4 15 69

15 -7-10 15 17 0 6 -7 15 51 49 7 -4 15 -5

71 -6-10 15 -14 0 ? -7 15 43 1 4 -4 15 -3

3 -5-10 15 4? 4 4 -7 15 46 53 9 -4 15 0

23 -4-10 15 9 9 9 -7 15 104 124 10 -4 15 -3

11 -9-10 15 -10 1 10 -? 15 39 31 11 -4 15 32
2 -2-10 15 6 30 11 -7 15 20 0 -11 -3 15 20

8 -1-10 15 20 29 -9 -6 15 31 17 -10 -3 15 14

22 0-10 15 7 19 -8 -6 15 109 89 -9 -3 15 -3

1 1-10 15 -2 0 -7 -4 15 -3 11 -0 -3 15 34

2 2-10 15 5 29 -6 -6 15 29 14 -7 -3 15 39

25 3-10 15 30 41 -5 -6 15 25 22 -6 -3 15 25

12 4-10 15 3 10 -4 -6 15 27 0 -5 -3 15 2

2 5-10 15 1 4 -3 -6 15 0 3 -4 -3 15 17

2 6-10 15 7 2 -2 -6 15 40 35 -3 -3 15

-2 -3 15

273 0 6 14 163 159

200 1 8 14 134 133

4 2 4 14 | 4

18 3 4 14 147 114

94 4 8 14 67 68

100 3 6 14 92 70

22 8 6 34 0 3

98 -12 ? 14 -16 11

30 -11 7 14 -0 12

1 -10 7 14 -0 ?

1 -9 ? 14 34 42

12 -6 7 14 10 12

21 -7 7 14 -6 3

4 -4 7 14 9 3

2? -S 7 14 49 30

104 -4 7 14 20 31

129 -3 ? 14 6 14

39 -2 7 14 34 2

13 -1 ? 10 36 3 3
177 0 ? 14 -4 0

100 1 ? 14 30 34

21 2 7 16 91 03

202 3 7 14 S 20

183 4 _ 14 4 0

3O b 7 14 3 9

101 -12 0 14 | 1

133 -11 4 14 13 2

47 -10 I 14 34 3 4

? -0 I 14 37 23

00 -0 0 14 -4 1

2 -7 0 16 -4 0

0 -6 0 14 70 8 2
1? -3 0 14 31 42

12 -4 8 14 0 0

13 -3 0 14 23 1

12_ :I :1414 3, 31
25 0 8 14 144 149

20 1 0 14 34 33

23 2 0 14 0 14

1 9 0 14 10 23

10 4 0 14 8? 44

43 -11 0 14 2• 6

40 -10 9 14 -1 2

1 -9 9 14 60 24

7 -8 9 14 13 14

52 -7 9 14 5 •
o118 -4 9 14 -0

4 -5 9 14 4? 39

147 -3 -1 13 42 19

3 -2 -1 13 155 140

42 -1 -1 15 30 31

37 0 -1 13 1 3

49 1 -1 15 235 209

70 2 -1 15 e3 97

1 3 -1 15 4 7

12 4 -1 13 213 164

12 5 -1 13 29 40

3 4 -1 15 32 30

31 7 -1 13 109 91

3 0 -1 15 119 77

9 9 -1 13 -5 7

2 10 -1 15 48 34

27 -13 0 13 0 2

40 -12 0 19 34 3

14 -11 0 15 14 9

0 -10 0 13 4 3

11 -9 0 15 16 13

58 -8 0 13 89 60

24 -7 0 13 •9 6451 ?-10 15

2 -? -9 15

1 -4 -9 15

6 -5 -9 15

15 -4 -9 15

13 -3 -9 15

6 -2 -9 15

8 -I -9 15

17 0 -9 15

4 1 -9 15

21 2 -9 15

32 3 -9 15

19 4 -9 15

11 5 -9 15

0 4 -9 15

12 ? -9 15

-9 15

14 -0 -0 15

7 -? -I 15

22 -6 -8 16

1 -5 -0 15 1

3 -4 -I 13 112

7 -3 -0 15 59

1 -2 -8 15 4

3 -1 -$ 15 -6

0 0 -8 15 21
1 1 -0 15 29

2 2 -8 15 -3

4 3 -II 15 10

8 4 -0 15 77

9 5 -0 15 ?

7 • -8 15 -2

-9 0 -1 -6 15 0

17 3 0 -6 15 -2

21 1 1 -4 IS 132

16 7 2 -4 15 69

15 3 3 -4 15 70

7 20 4 -4 15 90

-7 12 5 -6 13 44

6 4 6 -5 15 49

26 10 ? -4 13 11

62 48 I -6 15 74

0 3 9 -8 15 36

5 • 10 -4 15 0

2) 13 11 -6 13 6

3 7 -10 -5 15 12
0 4 -9 -5 15 9

$ 3 -4 -3 15 112

-5 0 -7 -5 15 242

25 4 -4 -5 15 14

3 2 -S -5 15 14

2 10 -4 -5 15 34

0 0 -3 -5 15 3

9 -2 -5 15 99

01 -1 -5 15 175

31 0 -5 15 20

4 I -5 13 -1
3 2 -3 13 355

23 3 -5 15 191

35 4 -5 15 17

5 3 -5 13 9

20 • -5 15 12

64 7 -3 13 -4

6 I -5 15 11

3 9 -5 15 32

4

14 -1 -3 15 432 441 -4 0 15 12 0

114 0 -3 15 710 573 -5 0 13 43 54

7, _:_,5 04 ,4 ::o13 43 64
70 15 157 147 0 15 250 264

85 3 -3 15 7 I -2 0 15 5 0

53 4 -3 15 29 12 -1 0 13 25 19

27 5 -3 15 13 1 0 0 15 105 88

12 6 -3 15 7 4 1 0 13 4 14

77 7 -3 15 32 21 2 0 15 54 37

41 0 -3 15 0 S 3 0 13 197 234

0 9 -3 15 -1 0 4 0 13 42 77

16 10 -9 15 17 0 5 0 15 15 1

33 11 -9 15 71 3 6 0 15 32 3

10 -12 -2 15 -10 2 7 0 15 13• 101

92 -11 -2 15 0 17 0 0 13 -9 0

160 -10 -2 15 9 1 9 0 13 24 1

11 -9 -2 15 30 34 -13 1 lS 4 1
216 -4 -2 15 115 84 -12 1 13 19

22 -? -2 15 17 4 -11 1 15 -9 5

0 -6 -2 15 -1 1 -10 1 15 14 15

78 -S -2 15 48 64 -9 I 13 30 41

171 -4 -2 15 5 2 -6 1 15 37 21

34 -3 -2 15 1 0 -7 I 13 0 1

0 -2 -2 15 193 177 -6 1 15 23 25

301 -1 -2 15 551 549 -5 1 13 72 49

194 0 -2 15 435 397 -4 1 33 63 72

8 I -2 15 -4 3 -3 1 IS 20 4

10 2 -2 15 -5 1 -2 1 15 173 171

19 3 -2 15 9 22 -1 1 15 11 ?

15 4 -2 15 -5 0 0 1 15 3 20

4 5 -2 15 73 30 1 1 13 71 48

29 6 -2 15 48 6I 2 1 13 1 19
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Table A.3, continued
H g L _be C_2¢ N g L _ C_11¢

..............................

1-13 15 26 6 ? -I IS 0 4 10 -$ 1$ 25 9 7 -2 15 14 $ 3 I lS 23

0 11 -$ 19 -1 1 40 4 I 15 17
s 9 -2 lS -4

*S-12 19 -4 6 8 -8 15 -6

.1:. 11 : :-:. ?-3-12 IS -3 I 19 19

-2-12 15 14 2, -9-? 15 -2

-1-1215. 31-_-715-7
0-12 15 -10 - -? 19 82

1-12 15 19 0 -6-? 15 1

2-12 15 • 5 -5 -? 19 111

-6-11 15 41 4 -4 -? 15 64

-5-11 15 -12 $ -3-? 15 6

-4-11 15 -10 8 -2-? 15 4

-3-11 lS 13 22 -1 -? 15 37

-7 2 15 27 22 -6 5 15 8

-6 2 15 "19 18 -5 5 15 9

-$ 2 15 37 40 -4 S lS S?

-4 2 15 99 112 -3 S 15 4?

-3 2 15 207 205 -2 S 15 -4

M K L _I_ C41c H K L _ *".I© H K 1, CIxs C41c

-2 2 19

-1 2 15

0 2 15 79 73 1 S 15 •

1 2 15 37 33 2 S lS 2 o
2 2 15 41 38 3 $ 15 49

3 2 IS 49 44 4 S lS $$

4 2 15 lS7 110 S S 15 33

$ 2 15 20 17 6 5 15 52

6 2 19 46 43 -12 6 15 10

? 2 lS 34 25 -11 & 15 8

I 2 lS 19 20 -10 6 14 12

-13 3 lS -12 0 -9 6 lS 43

-12 3 lS 16 ? -9 4 15 -4

-11 3 15 -7 9 -7 6 14 2

-10 3 lb 13 4 -6 6 15 24

-9 3 15 7 2 -$ 6 19 41

-8 3 15 64 49 -4 6 15 -1

-? 3 lS 44 37 -3 6 19 19

-6 3 15 -3 0 -2 6 15 41

-$ 3 15 88 03 -1 6 15 26

-4 _ lS 33 42 0 6 15 3?

-3 3 15 11 0 1 6 lS 49

-2 3 15 19 11 2 6 lS 47

-1 3 15 23 22 3 6 15 0

0 3 15 20 19 4 4 15 31

1 215 _ 3 S 615 472 lS 13 lOS -12 ? 15 0

3 3 lS 142 192 -11 ? 15 14

4 3 15 18 2 -10 ? 15 4

S 3 $S 61 44 -9 7 15 2

6 3 15 1 9 -8 ? 15 -2

7 9 15 15 25 -7 7 15 26

8 3 lS 41 9 -6 7 15 66

-13 4 15 56 26 -S 7 15 -1

-12 4 15 14 S -4 7 15 31

-11 4 15 -6 0 -3 7 lS 15

-10 4 15 -9 2 o2 7 15 0

-9 4 15 11 26 -1 7 15 24

-9 4 15 18 S 0 ? 15 52

-? 4 15 1 4 1 7 lS -4

-6 4 15 13 S 2 7 lS ?

-S 4 15 9 2 3 7 15 62

-4 4 15 63 S? 4 7 lS 93

-3 4 15 108 117 -11 4 15 33

-2 4 15 99 100 -10 9 lS 25

-1 4 15 21 29 -9 9 15 13
o 4 15 72 63 -8 0 14 16

1 4 15 130 120 -7 9 lS 22

2 4 15 33 33 -S 8 15 -6

3 4 15 45 13 -5 9 15 19

4 4 15 109 116 -4 8 lb 24

5 4 lS 70 73 -3 $ 15 -4

6 4 15 -4 0 -2 8 15 0

7 4 lS -13 6 -1 $ lS 14

-13 $lS 46 1 0 9 15 -6

-12 5 lS -9 3 1 8 15 -4

-11 S lS S 23 2 8 15 58

-10 S lS ?_ 79 -10 9 IS -11

-9 S 15 18 13 -9 • lS 0

-_ S lS , 5 -_ 915 0- 5 15 -7 1 - 9 15 31

4 -2 16 9 24 5 1 16 -9

S -2 16 13 10 6 1 16 35

6 -2 16 -5 1 7 1 16 -10

7 -2 16 21 50 8 1 16 14

9 -2 16 14 10 -12 2 16 23

9 -2 16 15 12 -31 2 16 16

10 -2 16 191 91 -10 2 16 19

-11 -1 16 11 16 -9 2 16 -1

-10 -1 16 12 5 -8 2 16 -5

-9 -1 16 42 36 -7 2 16 10

-$ -1 16 51 49 -6 2 16 45

-? -1 16 9 14 -5 2 16 34

-6 -1 16 -4 1 -4 2 16 2

-5 -1 16 35 41 -3 2 16 50

-4 -1 16 123 150 -2 2 16 10

-3 -1 16 98 116 -1 2 16 0

-2 -1 16 -2 1 0 2 16 49

-1 -1 16 67 49 1 2 16 59

0 -1 16 45

-1 16 15
-1 16 110

3 -1 16 77

4 -1 16 20

5 -1 16 34

6 -1 16 118

15 17 -1 5 15 172 144 -1 9 15 -|

60 58 0 5 1S 137 140 0 9 IS -5

S 1 9 15 17

17 -9 10 15 32

?3 -O 10 15 14

35 07 10 15 -4

39 -6 10 15 47

2 -5 10 15 100

6 -4 10 15 32

9 -3 10 15 -6

2 -2 10 lS -13

6? -1 10 15 25

? 0 10 15 5

2 -• 11 15 16

24 -? 11 15 43

39 -6 11 15 19

1 -b 11 15 16

12 -4 11 15 50

44 -9 11 lb 16

19 -2 11 IS -7

24 -1 11 15 15

72 -$ 12 15 50

48 -5 12 15 15

? -4 12 15 -17

4 -3 12 15 ?

10 -2 12 15 3

2 -3-13 16 1

9 -2-13 16 20

25 -4-12 16 -15

0 -3-12 16 42

13 -2-12 16 -9

12 -1-12 16 -4

50 0-12 16 15

4 -6-11 16 2

24 -5-11 16 9

18 -4-11 16 11

3 -3-11 16 -4

37 -2-11 16 10

53 -1-11 16 -6

? 0-11 16 14

2 1-11 16 ?

50 -?-10 16 -5

65 -6-10 16 6

O -5*10 16 -1

0 -4-10 16 -10

16 -3-10 16 0

15 -2-10 16 ?

10 -1-10 16 9

0 0-10 16 20

29 1-10 16 29

22 2-10 16 13

0 -? -9 16 5

11 -6 -9 16 21

35 -5 -9 16 -1

0 -4 -9 16 2S

2 -3 -9 16 16

34 -2 -9 16 0

5 -1 -9 16 34

19 0 -9 16 5

9 1 -9 16 -5

0 2 -9 16 2

1 -10 5 16 9

45 -9 5 16 29

2 -9 5 16

7
- 5 16 -3

1 -6 5 16 49

20 -5 5 16 25

21 -4 5 16 5
1 -3 5 16 62

7 -2 5 16 19

0 -1 5 16 -4

35 0 5 16 76

30 1 S 16 0

1 2 5 16 -13

4? 3 5 16 -15

10 4 S 16 24

1 5 5 16 2

53 -11 6 16 9

?0 -10 6 16 20

45 2 2 16 176 146 -9 6 16 12

5 3 2 16 106 79 -9 6 16 4

103 4 2 16 16 4 -7 6 16 33

95 5 2 16 39 32 -6 6 16 -7

19 6 2 16 9 0 -5 6 16 4

24 ? 2 16 -1 0 -4 6 16 93

120 • 2 16 74 12 -3 6 16 67

29

15

60

65

32

41

28

5

0

6

24

0

2?

2

9

19

69

12

1 -S -1 16 -9 5 5 -5 11 33 39

2 -4 -1 16 I 10 6-S16 4 01' -3 1' 2 11 ?-S 1' 4 14

0 -2 -0 16 36 36 9 -5 16 3? 36

O -1 -0 14 24 33 9 -5 16 24 2

20 0 -1 16 -1 0 10 -S 16 -9 0

65 I -I 16 -5 6 -9 -4 16 -1 S

51 2 -1 16 114 90 -8 -4 16 29 34

? ) -8 li 2 ? -? -4 16 11 10

11 4 -0 1_ 3 l -6 -4 16 0 0

5 5 -I 16 16 25 -5 -4 16 -1 4

14 6 -1 16 17 0 -4 -4 IS 1 2

24 ? -• 16 5 10 -5 -4 16 22 4 2
11 • • 16 27 36 -2 -4 16 129 135

10 -1 -? 16 14 29 -1 -4 16 305 277

S -? -? 16 11 3 0 -4 16 101 99

11 -6 -? 16 9 10 1 -6 16 -1 0

3 -5 -? 16 9 1 2 -4 16 11 5

15 -4 -7 16 15 16 3 -4 16 2 1

16 -3 -? 16 56 40 4 -4 16 • 4

6 -2 -7 16 11 9 S -4 16 12 6

26 -1 -7 16 6 6 6 -4 16 41 24

O 0-7 16 22 22 7-4 1' 2? 20

24 I -7 16 102 79 9 -4 16 12 1

17 2 -7 16 0 3 • -4 16 17 6

7 3 -7 16 106 114 10 -4 16 25 7

1 4 -? 16 9 27 -10 -3 16 10 4

6 5 -7 16 34 25 -9 -3 16 21 14

2 6 -7 16 0 4 -9 -3 16 22 27

15 _ -7 16 24 20 -7 -3 16 4 I

0 8 -7 16 24 23 -6 -3 16 39 34

9 9 -7 16 -14 0 -5 -3 16 20 15

13 -9 -6 16 20 12 -4 -3 16 17 13

10 -8 -6 16 131 106 -3 -3 16 59 54

9 -? -6 16 99 78 -2 -3 16 245 202

10 -6 -6 16 18 4 -1 -3 16 213 202

O -b -6 16 21 26 0 -3 16 0 0

S -4 -6 16 40 31 1 -3 16 21 18

O -3 -6 16 9 1 2 -3 16 11 3

2 -2 -6 16 11 1 3 -3 16 39 39

9 -1 -6 16 39 51 4 -3 16 6 0

0 0 -6 19 113 99 5 -3 16 29 31

6 1 -6 16 6 3 6 -3 16 13 10

0 2 -6 16 243 24? ? -3 16 -S 1

1 3 -6 16 4 13 9 -3 16 19 24

15 4 -6 16 -4 2 9 -3 16 -8 0

0 5 -6 16 8 3 10 -3 16 68 23

2 6 -6 16 14 23 -10 -2 16 30 9

23 ? -6 16 3 1 -9 -2 16 17 14

20 6 -6 16 21 12 -9 -2 16 1 0

20 9 -• 16 27 32 -7 -2 16 42 37

3 i0 -6 16 29 18 -6 -2 16 64 58

3 -9 -S 1• 3 9 -5 -2 16 9 9

2, :_:_16 6 i .6-216 o i22 16 59 2 -3 -2 16 66 6

? -6 -5 11 34 1• -2 -2 16 ?3 80

2 -5 -5 16 10 • -1 -2 16 -1 2

8 -4 -5 16 0 3 0 -2 16 194 180

14 -3 -5 16 7 29 1 -2 16 120 77

0 -2 -5 16 14 4 2 -2 16 75 65

3 -1 -5 16 2 3 3 -2 16 -2 4

24 -7 10 16 6 0 6 -6 17 10 23

24 -6 10 16 56 2 7 -6 17 42 42

1 -5 10 16 30 ? 9 -6 17 6 19

0 -4 10 16 22 15 -9 -5 17 15 5

34 -3 10 16 47 21 -8 -5 17 44 3

22 -2 10 16 0 15 -7 -5 17 2 13

9 -? 11 16 -4 9 -6 -5 17 -6 O

91 -6 11 16 -6 3 -5 -5 17 -S 6

29 -5 11 16 5 23 -4 -5 17 19 1

0 -4 11 16 -14 24 -3 -S 17 27 3

?9 -3 11 16 -6 9 -2 -5 17 -5 2

12 -4-11 13 39 4 -1 -5 17 23 22

27 -3-11 17 30 10 O -5 17 91 92

0 -2-11 17 -12 9 1 -5 17 11 I

28 -6-10 17 -9 0 2 -5 17 11 6

30 -5-10 17 -b ? 3 -S 17 16 1

17 -4-10 1? -2 4 4 -5 1' -4 1
22 -3-10 17 4 1 b -b 1? 4 30

) -2-10 17 1 2 6 -S 17 92 99

3 -1-10 17 12 0 7 -S 17 19 41

13 -? -9 17 -13 ? 9 -5 17 -9 0

6 -6 -9 17 7 3 -9 -4 17 70 S

? -5 -9 17 22 0 -9 -4 17 55 9

• 6 -4 -9 17 -10 6 -7 -4 17 4 0

47 -3 -9 17 25 19 -6 -4 17 B 3

I -2 15 24

0 -10 -4 15 -4 3 5 I 15 71

12 -9 -4 15 31 31 10 -2 15 -3 2 E 1 15 61

4 -6 -4 15 127 129 -12 -1 15 18 0 7 I 15 21

, -?_415 -1 1-11-215 , _ . 115 ,.
57 -6 -4 15 30 21 -10 -1 15 71 24 9 I 15 34

0 -S -4 15 113 106 -9 -1 19 37 33 -13 2 IS -15

92 -4 -4 15 0 0 -I -1 15 19 13 -12 2 1S -5

60 -3 -4 15 3 I -7 -1 15 41 41 -11 2 15 -1

9 -2 -4 19 10 I -6 -1 15 135 114 -10 2 15 -10

12 -1 -4 25 SO 54 -S -1 15 54 60 -9 2 1S -3

40 0 -4 19 102 112 -4 -1 15 -1 2 -9 2 15 32

0 -6 9 lS 11 2 4 -9 16 10 0 0 -5 16 -1

12 -5 9 15 3 20 5 -9 16 -1 3 1 -5 16 15

47 -4 9 15 -7 1 -I -2 16 33 17 2 -5 11 19

. -, ,15 o o -?-.1, ,? 64 ,-51, ?,
1 -2 9 15 17 13 -6 -I 16 7 1 4 -5 16 21
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Table K3, continued
H g L _ Ca2¢ H g L _ Col© H K L Ol_ ¢.11¢

..............................

? -1 16 I 13 -12 3 16 @ _ -2 $ 14 -1

I -I 16 17 4 -11 3 16 -_ 0 -I 6 16 31

9 -1 16 I 22 -10 3 16 29 19 0 6 14 -1

-11 0 11 -3 3 -9 3 I_ 40 3f 1 4 16 0

-10 0 16 1 29 -| $ le -3 2 2 6 16 2

-9 0 11 21 11 -? 3 11 11 15 3 I 16 ?4

-8 0 16 -I 0 -6 3 16 20 15 4 I 16 5

-? 0 14 10 2 -5 3 14 S 1 -11 ? 14 12

-_ 0 11 13 IS -4 3 14 17 S$ -10 ? 14 -13
S 0 1E 37 20 3 3 16 S0 54 -1 ? 16 1S

-4 0 16 21 3S 2 3 16 19 30 O 7 16 12

3 0 16 69 66 -1 3 16 33 39 -? ? 16 4

2 0 16 37 43 0 3 16 26e 246 6 7 16 26

-1 0 16 4 9 1 3 16 175 172 -s 7 16 2

0 0 16 66 16 2 3 16 29 47 -4 7 16 1

1 0 16 64 110 3 3 16 67 5g 3 7 16 11

2 0 14 02 40 4 3 14 69 60 2 ? 16 39

3 0 16 4 0 S 3 14 14 26 1 ? 16 34

4 O 16 O 17 6 3 16 16 0 0 7 14 0

5 0 16 63 64 7 3 16 -12 10 1 7 16 23

6 0 16 26 1 -12 4 14 20 | 2 7 16 32

7 0 16 26 45 -11 4 16 17 16 -10 O 16 23

4 0 16 4 21 10 4 16 26 22 S I 16 4
$ 0 16 33 3 9 4 16 $ 2 -9 I 14 3

12 1 16 -2 20 -4 4 16 19 4 -7 9 16 31

11 1 16 -1 20 -7 4 16 0 0 -6 9 16 4

10 1 16 14 19 -6 4 16 9 0 *S 4 16 9

9 1 16 14 0 $ 4 ]6 $ 3 -4 2 16 -6

-9 1 16 13 24 -4 4 16 -4 12 -3 9 16 19

-7 I 16 29 20 -3 4 16 0 1 -2 9 16 |

-6 1 16 6 14 -2 4 16 9 4 -1 | 16 24

5 1 16 19 12 -1 4 16 90 6? 0 I 16 12

4 1 16 |7 61 0 4 16 64 $0 9 9 16 15

-3 I 16 4? 46 1 4 16 3 0 -$ 9 16 12

-2 1 16 o3 0 2 4 26 29 25 -7 9 16 10

-1 1 16 |S 47 3 4 16 26 $1 +6 9 16 59

0 1 16 37 39 4 4 16 2? 2 -5 9 16 1

1 1 l& -4 1 S • 16 11 9 -4 9 16 2

2 I 16 26 46 6 4 16 9 9 -2 9 16 3 1

3 I 16 133 127 -12 5 16 $9 0 1 • 16 11

4 1 16 49 59 11 5 lS 9 0 2 10 16 10

1 o2 17 105 95 6 1 17 9 5 3 5 17 24

0 2 17 3 ? 7 I 17 9 2 -2 5 17 22

I 2 17 19 11 -12 2 17 27 0 -1 5 17 19

2 2 17 42 30 -11 2 17 -4 5 0 5 17 17

3 -2 17 41 35 -10 2 17 54 44 1 5 17 -4

4 2 17 9 1 -9 2 17 34 20 2 5 17 45

5 2 17 30 16 -8 2 17 26 10 3 5 17 55

6 -2 17 40 49 7 2 17 12 14 4 5 17 47

7 2 17 S 9 6 2 17 ? 9 11 6 17 0

6 2 17 4 15 5 2 17 12 0 10 6 17 -2

9 2 17 20 20 -4 2 17 38 30 -9 6 17 -1

-10 I 17 4 2 -3 2 17 )4 34 -8 6 17 6

9 1 17 3 2 -2 2 17 7 6 -7 6 17 10

-$ 1 17 5 4 -1 2 17 67 O0 6 6 17 5

7 1 17 4 3 0 2 17 260 234 -5 6 17 1

6117 2 2 1217 56 36-4617 0

5 I 17 16 21 22 17 -1 0 3 6 17 1

4 1 17 144 148 3 2 17 27 40 -2 6 17 45

-3 -1 17 179 189 4 2 17 5 23 1 6 17 -4

2 I 17 50 49 5 2 17 18 10 0 4 17 10

-1 -1 17 5 3 6 2 17 2 5 1 6 27 11

O -1 17 33 39 7 2 17 6 32 2 6 17 22

1 1 17 45 31 12 3 17 20 3 -10 7 17 19

2 1 17 10 O 11 3 17 11 16 -9 ? 17 26

3 1 17 6 1 10 3 17 -6 1 8 ? 17 20

4 -1 17 15 23 9 3 17 11 26 7 7 27 16

5 1 17 12 6 -9 3 17 24 12 -6 ? 17 11

6 -I 17 5 14 -7 3 17 14 1 -5 7 17 30

7 -I 17 9 5 -6 3 17 14 5 -4 7 17 7

8 -i 17 15 2 -5 3 17 27 14 -3 ? 17 26

-i0 0 17 -7 2 -4 3 17 -3 0 -2 7 17 -3

-9 0 17 -7 1 -3 3 17 3 4 -1 7 17 0
-4 0 17 20 19 -2 3 17 28 15 O 7 17 -13

-7 0 17 11 5 -1 3 17 36 35 -9 ' 17 1

6 0 17 9 3 0 3 17 2 0 -B 9 17 ?
46 1 3 17 62 35 7 9 17 13-5 0 17 56

-4 0 17 108 102 2 3 17 33 34 -6 8 17 34
3 0 17 15 14 3 3 17 17 26 -5 O )? 61

-2 0 17 -2 2 4 3 17 8 7 -4 9 17 9

-1 0 17 60 52 5 3 17 18 23 -3 9 17 -5

0 0 17 45 37 6 3 17 25 29 -9 9 17 -12

1 O 17 0 0 -11 4 17 3 3 7 9 17 14

2 0 17 31 28 10 4 17 23 26 -6 9 17 43

3 0 17 84 104 -9 4 17 17 0 -5 9 17 °7

4 O 17 21 9 9 4 17 11 3 4 9 17 53

5 O 17 13 28 7 4 17 0 6 -6 1O 17 O

6 0 17 9 22 -6 4 17 19 37 -6 9 18 S

7 0 17 11 20 -5 4 17 5 4 -5 -9 19 -10

8 O 17 33 52 -4 4 1_ 9 16 -4 9 12 38

11 1 17 12 7 -3 4 17 34 42 -? 8 18 25

-10 1 17 4 2 -2 4 17 7 $ -6 -8 18 16

-9 I 17 8 6 1 4 17 33 12 -5 -8 19 9

8 1 17 5 0 0 4 17 37 32 -4 -S 19 10

7 1 17 12 2 1 4 17 3 3 5 -8 19 29

6 I 17 11 5 2 • 17 1 8 ? -? 18 14

-5 I 17 29 17 3 4 17 13 4 -5 -7 I$ 30

-4 I 17 6 3 4 4 17 30 60 -5 -7 19 -9

-3 I 17 29 26 5 4 17 14 12 -4 -7 19 2

2 1 17 39 45 11 5 17 27 16 -3 -7 19 21

1 1 17 6 1 -I0 5 17 2 5 -2 -7 18 -7

0 1 17 51 57 -9 5 17 8 2 -8 -6 18 2

1 1 17 150 115 6 5 17 7 0 -7 -6 18 4

2 I 17 54 56 -7 5 17 5 5 -6 -6 18 40

H K b (_e C41© M K L _IDI Ca1¢

4 -2 -9 17 26 22 -5 4 17 0 0

32 -1 -9 17 11 1 -4 -4 17 7 9

5 0 -9 17 5 4 -3 -4 17 14 13

2 -7 -I 17 O 35 -2 -4 17 55 53

1 -4 -8 17 9 2 I -4 17 3 0

51 5 -. 17 , $ 0 -4 17 -1 0

27 4 • 17 22 14 I -4 17 63 57

15 -$ -6 17 lS 18 2 -4 17 KS 67

1 -2 -I 17 -6 0 3 -4 17 72 44

5 -1 $ 17 32 21 4 -4 17 -4 1

5 O -I 17 5 • 5 -4 17 13 21

2 1 -6 17 $ S 6 -4 17 70 34

4 -9 -7 17 41 25 ? -4 17 -7 3

2 -7 -7 17 -16 0 8 -4 17 5 7

1 -6 -7 17 -11 25 9 -4 1_ 36 7

7 5 -7 17 23 43 -9 -3 17 3 7

35 -4 -7 17 32 12 -7 -3 17 7 9

44 -3 -7 17 0 O -6 -3 17 1 1

2 -2 -7 17 20 25 -5 -3 17 7 5

1 -1 -7 17 -7 13 -4 -3 17 10 7

40 O -7 17 5 ? -3 -3 17 19 79

5 1 ? 17 15 11 -2 -3 17 9 1

S 2 -7 17 22 14 -1 3 17 59 57

0 3 -7 17 26 31 0 -3 17 77 69

5 4 -7 17 11 9 1 -3 17 21 27

9 5 -7 17 25 13 2 3 17 7 0

15 6 -7 17 26 $ 3 -3 17 0 16

10 I -6 17 26 8 4 -3 17 5 11

20 -7 -6 17 74 &3 5 -3 17 12 0

0 -5 -6 17 16 17 23 14

11 -4 -6 17 9 13 9 -3 17 1 8

3 3 -6 17 18 21 9 -3 17 4 12

14 -2 -6 17 46 52 -9 -2 17 14 12

30 1 -6 17 17 3 4 -2 17 36 33

69 0 -6 17 3 6 -7 -2 17 S 2

1| 1 -6 17 49 55 6 -2 17 0 0

0 2 -6 17 27 40 5 -2 17 4 5

12 3 -6 17 27 3 -4 -2 17 -3 1

19 4 -6 17 4 0 -3 -2 17 9 8

1 5 -6 17 22 0 -2 -2 17 164 144

16 -2 -6 18 -5 6 -4 I 19 79 72

0 2 -5 16 9 0 -3 I 16 0 0

1_ 7512 10 3 2118 2 1
6 5 12 30 16 I 1 16 56 5

0 -5 -5 12 0 1 0 1 lS 21 9

6 -4 -5 18 -$ 1 I -I 14 -4 2

40 -3 -5 18 14 3 2 -1 16 40 21

1 2 5 18 24 22 3 -1 18 39 36

10 ~1 -5 18 2 2 4 1 19 18 6

1 O -5 18 26 25 5 1 16 -4 21

0 1 5 18 38 50 6 1 19 10 4

0 2 5 18 33 50 7 -1 18 11 2 3

0 3 5 1. 18 5 . 0 1. 8 O

2 4 5 18 -2 3 7 0 19 9 9

1 5 5 18 35 29 -6 0 19 12 17

6 -8 -4 15 11 13 -5 0 15 9 15

O ? 4 18 1 0 4 0 18 3 3

32 6 4 18 16 6 3 0 18 0 5

4 -5 -4 18 30 21 -2 0 18 12 4

3 -4 -4 18 45 32 -1 0 18 3 3

7 -3 -4 18 67 63 0 O 18 36 33

48 -2 -4 18 12 4 1 0 18 19 24

3 1 -4 18 13 17 2 0 18 6 21

1 0 -4 18 43 35 3 0 18 11 6

8 1 -4 18 6 7 4 0 10 72 5?

21 2 -4 18 55 19 5 0 18 27 19

33 3 -4 18 45 24 6 0 16 23 2

9 4 -4 18 11 4 7 0 19 29 22

23 5 -4 18 -6 1 -12 1 I$ -15 6

34 6 4 18 64 46 11 1 18 -7 13

-8 7 -10 1 X9 23 265 7 -4 18

12 -7 3 19 4 O -9 1 19 ' 0

22 6 3 19 10 0 -B I lS 11 ?

11 -5 -3 16 6 0 -7 1 19 24 6

12 -4 -3 18 O 0 -6 I 19 24 16

14 3 3 19 39 45 -5 I 18 7 4

8 -2 3 19 49 42 -4 I 18 "16 7

25 1 3 18 42 29 3 I 14 4 0

5 0 -3 18 1 2 -2 I 18 7 6

0 1 3 10 13 16 1 1 16 55 62

0 2 -3 18 46 45 O Ill 23 53

6 3 3 18 -9 8 1 1 18 10 1

37 4 3 16 4 0 2 1 18 4 3

2 5 3 18 14 20 3 1 18 27 33

29 6 -3 10 0 9 4 1 18 1 14

2 7 3 18 32 22 5 1 16 0 2

0 8 -3 18 28 15 6 1 18 47 7

2 -7 -2 19 2 0 -11 2 18 -10 6

1 -6 -2 18 14 6 -lO 2 18 $ 7

10 -5 -2 18 93 68 -9 2 18 46 28

26 4 -2 18 270 270 -8 2 18 O 4

2 3 2 18 149 152 7 2 18 20 8

3 2 2 19 10 14 -6 2 18 16 2

11 1 2 18 25 30 -5 2 19 5 10

21 0 2 16 38 39 -4 2 18 -5 0
12 I 2 18 15 2 3 2 19 19 27

1 2 -2 19 -5 1 -2 2 18 29 25

? 3 -2 18 33 10 1 2 18 21 12

18 4 2 18 2 4 0 2 19 32 50

5 5 -2 19 24 0 1 2 19 37 25

7 6 2 19 29 12 2 2 18 50 20

8 7 -2 19 -8 O 3 2 18 15 14

4 9 -2 18 1 1 4 2 16 47 16
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Table A.3, continued

H g L Olae r_tIc H K L _ t"2© H K L _ Cole H K L Obl Calc H K L Ol_ talc

i_; ";; ---_ -; _; -2_ ....o -_i:; "-_ "-'_,-;-_i -_ ....o _ _i -_ ---;,
4 1 17 56 37 -5 _ 17 17 6 -4 -6 21 -| ? -6 -1 ]e 4| 29 6 2 Z8 -13 20

$ I 17 50 47 -4 5 17 S
-10 ] 1| -1 16 -7 -4 19 34

-9 3 10 16 3 -7 -3 IS 11

-| 3 11 14 5 -i -3 19 -5

-7 3 11 Z2 11 -3 -3 19 16
-6 3 11 6 12 _2 -3 19 5

-5 3 11 24 3 -1 -3 1_ 0
-4 _ 18 13 10 • -3 19 54
-3 3 11 16 19 2 -3 19 -6

-2 $ 11 -1 3 2 -3 19 8
-1 3 11 63 31 3 -3 19 42

0 3 15 22 3| °S -2 29 I1
1 3 11 "-4 0 -4 -2 19 2?

2 3 18 -13 1 -3 -2 19 17
3 3 15 0 16 -2 -2 19 30

4 3 10 1i 30 -1 -2 19 43

3 18 0 2 0 -2 19 10
-11 4 II -4 8 I -2 19 30
-10 4 11 22 1 2 -2 19 25

-9 4 1| -I I 3 -2 19 25
-| 4 18 S 1 4 -_ It -I

-? • 18 13 e S -2 19 11
-g 4 18 13 3 -? -1 19 46
-S 4 II 2 2 -6 -1 ID 11

-4 4 11 S 0 -S -1 19 -S
-3 4 11 -$ 3 -4 -1 19

-2 4 IQ 17 24 -3 -1 11 22
-1 4 11 4_ $1 -2 -1 19 11

0 4 II D 6 -1 -1 19 11
1 4 18 3_ 2 0 -1 19 45

2 4 11 10 20 I -1 19 lb
3 4 11 9 10 2 -1 19 -2
4 4 18 -lS 14 3 -1 19 -11

-10 b 1B -1 2 4 -1 19 -12

-9 $ 19 $ D 5 -1 19 19
-B 5 1| -5 0 6 -1 19 25

-? $ 18 5 0 -10 0 19 25
-$ b 1| -7 4 -9 0 |g 21

-5 b 15 -6 1 -I 0 19 -6
-4 b 15 12 16 -? 0 19 -3

-3 $ 18 32 27 -_ 0 19 2
-2 5 1D 31 40 -$ 0 19 -_
-1 b 1_ -13 0 -4 0 )9 20

0 b 15 0 1 -3 0 19 $
1 $ 1B 0 14 -2 0 19 -5

2 S 11 gO 21 -1 0 19 21
-10 E 11 31 1 0 0 1_ 14

-9 _ 11 -1_ ? 1 0 19 30
-8 6 1| 41 g 2 O 19 31

6 1. i, 11 3 o 1, ,2
-6 6 1| 30 43 4 0 19 20
-S 6 18 13 2 5 0 19 49

-4 i 18 0 g -11 1 19 -14
-3 g 18 1 1_ -10 1 19 -2
-2 6 1B -10 1 -9 1 19 4

-1 6 18 51 13 -8 1 19 -9
0 6 10 21 13 -? I 19 17

-9 7 18 -12 ? -6 1 19 11
-$ ? 18 30 0 -5 I 19 16

-7 7 18 -1G 0 -4 1 19 15

-6 7 18 -6 19 -3 1 19 9
-5 ? 18 93 E? -2 1 19 -6
-4 ? 18 15 0 -I 1 19 12

-3 ? 18 2 0 0 1 19 33
-8 8 18 -9 0 1 I 19 13

-? 8 18 55 19 2 1 19 -13
-8 9 18 0 48 3 1 19 -1

20 -3 -6 18 9 16 -S -1 18
S 4 I 19 19 26 -? 0 20 45

2 S I 19 Z3 4 -6 0 20 19
4 -11 2 19 -11 2 -10 I 20 -15

13 -10 2 19 -14 $ -9 I 20 -11
0 -9 2 19 -6 4 -6 I 20 -23

29 -6 2 19 36 3 -? 1 20 0
40 -7 2 19 I? 3 -1 I 20 18

1 -6 2 19 3 1 0 1 20 -3
6 -5 2 19 23 5 1 I 20 -3

40 -4 2 19 le 16 -6 2 20 31

36 -3 2 19 -9 4 -3 2 20 -9
9 -2 2 19 13 0 -2 2 20 35

5 -1 2 19 29 20 -1 2 20 -14

21 0 2 19 -6 2 0 2 20 I
34 1 2 39 14 0 1 2 10 53

2 1 2 19 -6 0 2 I 20 41
IZ 3 2 19 -10 15 -6 3 20 52

13 4 2 19 31 4 °5 3 20 -13
16 -10 3 19 6 0 -2 3 I0 -11

3 -9 3 19 -11 6 -1 3 20 -16

3 -6 3 19 -? 1 0 3 10 15
6 -? 3 19 -? 1 -4 4 20 76

1 19 - 2 -2 • 20 43

22 -4 3 19 2 4 -1 4 20 0
16 -3 3 19 39 15

9 -2 3 19 33 _4

O -1 3 19 21 42
43 0 3 19 18 10

5 1 3 19 4 o
1 2 3 19 5_ 23

12 3 3 19 -10 4

11 -9 4 19 29 1
1 -8 4 19 20
3 -7 4 19 5 3

7 -_ 4 18 31 27
4 -5 4 19 -7 11

4 -4 4 19 12 27
0 -3 4 19 4 36

0 -2 4 19 39 42
10 -1 4 19 -1 2

6 0 4 19 19 9

1 1 4 19 -11 21
1 2 4 19 -11 5

15 -9 5 19 -9 9
4 -g 5 19 7 3

25 -7 $ 19 5 5
11 -6 5 19 10 2?

21 -b 5 19 50 19
0 -4 5 19 -1 8

15 -3 5 19 -11 5
0 -2 5 19 -2 1

10 -1 5 19 17 11
4 0 5 19 14 2

2 -8 6 19 34 2
0 -5 6 19 65 42

8 -4 6 19 0

4 -3 6 19 39 0
3 -6 -2 10 -11 2

15 -9 -1 20 -| ?
3 -e -1 20 -6 0
0 -? -1 20 -4 5

12 -6 -1 20 15 12
9 -10 0 20 -15 1

2 -9 0 10 -5 2
3 -8 o 20 10 22

• 1_eflectlo_ flagqed vl_:h em aeterlsk were considered Lmobserved.

96 10? -11 3 18 -17

34
19

1
8

10
14

?

0
0

0
10

15

6
3

2
17

21
9
6

6
14

3
0
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Table A.4.

Name

Cu

F(2}

F(5)

N(II)

N(212}

C(14)
C[17)

C(22)

C{25)

C{28)

C(111)
C(115}

C{118}
C{123)

C{126)

C[133)

C(136)

C(213)

C(216)

C(221)

C(224)

C(231)

C(234)

C(302)

C(305)

H(26)

H(IIB)

H(IIE)

H(IIH)

H(IIK)

H(123)

H(126)

H{134)

H(21A)

H(21D)

H(21G)

H(21J)

H(222)

H(225)

H(233)

H(236)

H(30C)

H(30F)

Atomic Multiplicities for [Cu(dptmp)2]PF6"THF.

Multiplicity Name Multiplicity Name
................................

1.000

1.000
1.000

1.000
1.000

1.000

1.000
1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

P(1]

F(3}

F(6)
N{21

C(12

C[15
C(18

C(23
C[26

C(29}

C[113)
C(116)

C(121)
C(124)

C(131)
C(134)

C(210)

C(214)
C(217)

C(222)
C(225)

C(232}

C(235)

C(303)

H(16)

H(27)

H(IIC)

H(IIF)

H(III)

H IIL)

H 124)

H 132)

H 135)

H 21B)

H 21E)

H 21H)

H 21K)

H 223)

H 226)

H 234)

H 30A)

H 30D)

H(30G)

1.000 F(1)

1.000 F(4)

1.000 O(301)

1.000 N(II2)

1.000 C(13)

1.000 C(16)

1.000 C{19)

1.000 C(24)

1.000 C(27)

1.000 C(IIO)

1.000 C{I14)

1.000 C(I17)

1.000 C{122)

1.000 c[125)

1.000 C(132)

1.000 c(135)
1.000 C(211)

1.000 c(215)
1.000 c(218)

1.000 c(223)
1.000 c(226)

1.000 C(233)

1.000 c(236}

1.000 c(304}

1.000 H(17)

1.000 H(IIA}

1.000 H(IID}

1.000 H(IIG)

1.000 H(IIJ)

1.000 H{122}

1.000 H(125)

1.000 H(133)

1.000 H(136)

1.000 H(21C)

1.000 H(21F)

1.000 H(21I)

1.000 H(21L)

1.000 H(224)

1.000 H(232)

1.000 H(235)

1.000 H(30B)

1.000 H(30E)

1.000 H(30H)

Multiplicity

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1 000

1 000

1 000

1 000

1 000

1 000

1 000

i 000

1 000

1 000

1 000

I 000

1 000

1 000

1 000

1 000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000
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Appendix B: Crystal Data for [Cu(tmp)2]BPh, "

Table B. 1. Anisotropic temperature factor coefficients - U's' for [Cu(tmp)z]BPh_.

Name

Cu

N{II}

N(21]

N(l12)

N(212)

C(12)

C(13)

C(14)

C(15)

C(16)

C(17)

C(18)

C(19)

C(22)

C(23)

C(24)

C(25)

c(26]

C(27)

c(28)

C(29)

C(31)

C(32}

C(33)

C(34)

C(35)

C(36)

C(41)

C[42)

C(43)

C{44)

c(45)

C(46)

C(51)

C(52)

C(53)

c(54)

c(55)

c(56)

C(61)

C(62)

C(63)

C(64)

C(65)

C(66)

C(IIO)

C(III)

C(I13)

C(I14)

C(I15)

C(I16)

C(I17}

c(i18]

c(210)

C(211)

C(213)

c[214)

C[215)

C[216)

C{217)

U(I,I)

0.02901(19)

0.0327(12)

0.0378{12)

0.0377(12)

0.0381(12)

0.0502(17)

0.070(2)

0.0612(19)

0.0399(15)

0.0380(16)

0.0271(14)

0.0342(14)

0.0478(17)

0.0573(19)

0.088(3)

0.064(2)

0.0420116]

0.0279115]

0.0361{16)

0.0382{15)

0.069(2)

0.0415114)

0.0504(16)

0.0587[19)

0.069(2)

0.062[2)

0.0505(17)

0.0343(13)

0.0438(15)

0.0477(17)

0.0420{16)

0.0514(17)

0.0591(18)

0.0499(15)

0.0545(17)

0.0507(18)

0.0505(18)

0 065(2)

0 0549(18)

0 0618(18)

0 090(3)

0 158(5)

0 148(5)

0 096(3)

0 064(2)

0.070(2)

0.0535(18)

0.0303(12)

0.0316113)

0.110(3)

0.092(3)

0.062(2)

0.10513)

0.081(2)

0.0590(19)

0.0305(13)

0.0321(13)

0.136(4)

0.088(3)

0.095(3)

U(2,2)

0.0909(3)

0.0647(14)

0.0650{14)

0.0616113)

0.0650{14)

0.0686{18)

0.0618{17)

0.0535(16)

0.0534{15)

0.080(2)

0.083(2)

0.0596(16)

0.0600(17)

0.07612)

0.0579(18)

0.0625(18)

0.0576(16)

0.086{2]

0.077(2)

0.0555(16)

0.0510(17)

0.0465(14)

0.0555(16)

0.070(2)

0.0470(16

0.0493(16

0.0531(16

0.0532(15

0.0602(16

0.092(2)

0.090(2)

0.0643{17

0.0557(16

0.0416{13

0.0502(15

0.0682(19

0.0695(19

0 076(2)

0 0663(18

0 0427(14)

0 0607(18)

0 074(2)

0 073{2}

0 077{2)

0 0681(19)

0.0616(17)

0.0713(19)

0.0526(14)

0.0533(15)

0.092[3)

0.073(2)

0.093(3)

0.088(3)

0.0588(18)

0.0693(18)

0.0501(14)

0.0521(15)

0.093(3)

0.i0213)

0.084{3)

U(3,3) U(I,2)

0.0675[3] 0.01038(16)

0.0473(14) 0.0005(9)

0.0529(15) 0.0091(10)

0.0518(14) 0.0054(10)

0.0492(14) 0.0019(10)

0.0476(17) -0.0100(13

0.0490(18) -0

0.0579(19) 0

0.0586(18) 0

0.088(3) 0

0.093(3) 0

0.0593(18) 0

0.064(2}

0.0578(19)

0.060(2)

0.081(2)

0.078(2)

0.119(3)

0.108(3)

0.073(2)

0.063(2)

0 0498116)

0 0490116)

0 064(2)

0 090(3)

0 098(3)

0 O85(2)

0 0461(16)

0 0520(17)

0 0428(18)

0 0495(19)

0 0539(19)

0 0433(16)

0 0424[15)

0 0582(19)

0 080(2)

0 071(2)

0 061{2}

0 0540(18)

0.0472(17)

0.055(2)

0.074(3)

0.096(3)

0.098(3)

0.066(2)

0.0553(19)

0.0574119)

0.0510(16)

0.0497116)

0.069(2)

.0.082(3)

0.092(3)

0.076(3)

0033(15

0089(13

0079(11

0153{14

0052(14

0000(11

-0 0070(13

0 0091(15

-0 0052(16

-0 0143(15

-0 0068(12

-0 0035{14

0.0112(14

0.0094(12

0.0140(14)

0.0057(11)

0.0103(12}

0.0249(15)

0.0162(15)

0.0016(14)

0.0049(13)

0.0069(11)

0.0083(12)

0.0129(15}

0.0049(14)

0.0033(13)

0.0018(13]

0.0068[ii)

0.0098[13)

0.0182(15)

0.0091[14)

0.0039[16)

0.0116{14)

0.0054{12)

0.0082116)

0.007(3)

-0.026(3)

-0.030(2)

-0.0071(15)

-0.0051(15)

0.0074(14)

0.0042(10)

0.0030(10)

-0.009(2)

0.0240(18)

-0.0192(18)

-0.011(2)

0.0521(19) 0.0028(16)

0.0505(18) -0.0042(15)

0.0533(17) 0.0014(10)

0.0573(17) 0.0011(ii}

0.077{3) -0.003(3)

0.122(4} -0.037(2)

0.i06(3) 0.037(2)

U(l,3)

0.00946(16}

0.0090(10)

0.0086(11)

0.0081(10)

0.0066(10)

0.0074(13)

0.0199(16)

0.0276[15)

0.0190(13)

0.0222(16)

0.0093(15)

0.0019(12)

-0.0060(15)

0.0116(15)

0.0306(19)

0.0338(18)

0.0208(15)

0.0147(17)

-0.0007(18)

-0.0055{14)

-0.0163(16)

0.0009(12)

0.0041(13)

0.0033{16)

-0.0046{19)

0.0073{19)

0.0180{16)

0.0042(11)

0.0088 13)

0.0057 13}

0.0045 13)

0.0046 14)

0.0048 13)

0.0058 12)

-0.0009 14)

-0.0010 16)

-0.0051 16)

-0.0084 16)

0.0025 14)

0.0138 14)

0.0154 18)

0.043(3

0.065(3

0.047(3)

0.0177(17)

-0.0007(16)

0.0072(15)

0.0071(11)

0.0118(11)

0.021(2)

0.042(2)

-0.013(2)

-0.009(2)

U(2,3)

0.0006(2)

0.0047(11)

0.0044(12)

-0.0022(11)

-0.0013(11)

-0.0007(14)

0.0032(14)

0.0089(14)

0.0093(13)

0.0069(19)

0.014(2)

0.0116(14)

0.0115(15)

0.0090(16)

-0.0046(15)

-0.0193(17)

-0.0144(16)

-0.01712)

-0.008{2)

-0.0166(15)

-0.0106(15)

0.0002(12)

0.0009(13)

-0.0058(16)

-0.0011(16)

0.0108(17)

0.0067(15)

0.0044(12}

0.0111(13}

0.0158(16)

-0.0137(16}

-0.0121(15)

0.0016(13)

0.0058(Ii)

-0.0077(13)

-0.0105(17}

-0.0021(17)

-0.0120[16)

-0.0137{14)

-0.0009{12)

0.0117{15)

0.023(2)

0.002(2)

-0.020(2)

-0.0033(16)

0.0021{15)

-0.0068(16)

0.0088(12)

0.0092(12)

-0.020(2)

0.0073(18)

0.006(2)

-0.019(2)

-0.0041(16) -0.0036(14)

0.0081(15) 0.0004(15)

0.0023[ii) -0.0089(12)

0.0091{12) -0.0105(13)

0.045(3) 0.011[2)

0.057(3) -0.014(3)

-0.036(2) -0.007(2)
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Table B. 1, continued

Name U(1,1) U(2,2) U(3,3) U(1,2] U(1,3) U(2,3)

C(218} 0.142(4) 0.079(2) 0.069(3) 0.009(2) 0.007(3) 0.017(2)

B 0.0465(17) 0.0462(16) 0.0428(17} 0.0062(13) 0.0051(13) 0.0031(13)

a The form of the anisotroplc temperature factor is:

exp[-2n {h2a'2U(1,1) + k2b'zU(2,2] + 12c'ZU(3,3) ÷ 2hka*b°U{1, 2) ÷ 2hla'c'U(1,3)

+ 2klb'c*U{2,3)}] where a °, b', and c ° are reciprocal lattice constants.
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Table B.2. Torsion angles in degrees for

Atom 1

_u1==

N(21)

N(21)

N(II2)

N(l12)

N(212)

N(212)

N(II)

N(11)

N(112)

N(112)

N(212)

N(212)

N(ll)

N(11)

N(21)

N(21)

N(212)

N(212)

N(11)

N[11)

N{21)

N{21)

N{II2)

N(II2)

Cu

C(I14)

Cu

Cu

C(12)

C{12)

Cu

C{214)

Cu

Cu

C(22)

C(22)

Cu

C(113]

Cu

Cu

C(111)

C(111)

Cu

C(213)

Cu

Cu

C{211)

C(211)

N{11)

N{ll)

C{12)

C(12)

C(115)

C(115)

C(13)

C(13)

C(116)

C(116)

C(14)

C(114)

C(14)

C(14)

C(16)

C(16)

Atom 2

Cu

Cu

Cu

Cu

Cu

Cu

Cu

Cu

Cu

Cu

Cu

Cu

Cu

Cu

Cu

Cu

Cu

Cu

Cu

Cu

Cu

Cu

Cu

Cu

N(I1)

N(I1)

N(II)

N(I1)

N(II)

N(I1)

N(21)

N(21)

N(21)

N(21)

N(21)

N(21)

N(II2

N(112

N(II2

N(II2

N(112

N(112

N(212

N(212

N(212

N(212

N(212

N(212

C(12)

C[12]

C[13)

C(13)

C(13)

C(13)

C(14)

c(14)

C{14)

C{14)

C115)

CI15)

C115)

C(15)

C(15)

c(15)

Atom 3

i_=

N[II]

N(11)

N(11)

N(11)

N[11}

N[11}

N[21)

N{21)

N{21)

N{21)

N(21)

N(21)

N(II2)

N{II2)

N{II2)

N{112)

N(112)

N(II2)

N(212)

N(212)

N(212)

N(212)

N(212)

N(212)

C(12)

C(12)

C(I14

C(114

C(I14

C(I14

C[22)

C(22)

C{214

C(214

C(214

C(214

C(111

C(III

C(I13)

C(I13)

C(I13)

C(i13)

C(211)

C(211)

C(213}

C(213)

C(213)

C(213)

C(13)

c(13)

C(14)

C(14)

C(14)

C(14)

"C(15)

C(15}

C[15}

C(15}

C(16]

C(16)

C(114)

C(114)

C(114)

C(I14)

[Cu(tmp)_]BPh,

Atom 4 Angle

C(12) -56.41

C(I14 125.00

C(12) 178.85

C(I14 0.26

C(12) 44.79

C(I14 -133.80

C(22) -59.84

C(214 116.44

C(22) 44.79

C(214 -138.94

C(22) -179.56

C(214 -3.29

C(111 -179.71

C(1131 -1.32

C(111 52.20

C[113) -129.41

C(111 -58.22

C[113) 120.17

C(211 51.78

C[213) -124.34

C(211 178.87

C(213) 2.74

C(211 -53.85

C(213) 130.02

C(13) 178.93

C(13) -2.53

C(15) 178.68

C[113) 0.82

C(15) -0.12

C(I13) -177.99

C(23) 175.73

C(23) -0.42

C(25) -175.07

C(213} 3.33

C(25) 1.75

C[213) -179.84

C{II0) 177.14

C(II0) -1.21

C{18) -176.09

C(i14) 2.16

C(18) 2.56

C(I14) -179.19

C(210) -179.73

C[210) -3.74

C(28) 177.07

C(214) -1.81

C(28) 0.33

C(214) -178.55

C(14) 2.25

C(I15) -179.04

C(15) 0.72

C(I16) -179.84

C(15) -177.91

C(I16) 1.53

C(16) 175.59

C(I14) -3.09

C(16] -3.84

C(I14) 177.48

C(17) -179.14

C(17) -0.44

N(II) 2.89

C(I13) -179.32

N(II) -175.89

C(I13) 1.90

0.27)

0.18)

0.25)

0.18)

0.26)

0.18)

0.28)

0.19)

0.27)

0.18)

0.26)

0.19}

0.26)

0.18

0.27

0.18

0.29

0.19

0.27

0.18

0.26)

0.19)

0.29)

0.19)

0.21)

0.41)

0.22)

0.30)

0.40)

0.25)

0.23)

0.43)

0.23)

0.32)

0.41)

0.28)

0.23)

0.43]

0.23)

0.31)

0.40)

0.25)

0.22)

0.43)

0.23)

0.31)

0.40)

0.26)

0.45)

0.29)

0.43)

0.29)

0.30)

0.48)

0.29)

0.43)

0.47)

0.28)

0.33)

0.47)

0.43)

0.27)

0.27)

0.42)
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Table B.2, continued

Atom 1

C(15)

C(16)

C(16)

C(17)

C(17)

C(I13)

C(113)

C(17)

C(17)

C[19)

C(19)

C[18)

C[18}

C(I17)

C(I17)

N(21)

N(21)

C(22)

C(22)

C(215}

C(215}

C(23)

C(23)

C(216)

C(216)

C(24)

C(214)

C{24)

C{24)

C{26)

C(26)

C{25)

C(26)

C(26)

C(27)

C(27)

C(213)

C(213)

C(27)

C(27)

C(29)

C(29)

C(28)

C(28)

C{217)

C[217)

C(36)

B

C(32

B

C(32

C(32

C(32

C(36}

C(36)

C(36}

C(31)

C(32)

C(33)

C(34)

C(46)

B

C(42)

B

Atom 2

C{16)

C{17

C(17

C(18

C{18

C(18

C[18

C(18

C(18

C(18

C(iB

C(19)

C(19)

C(19)

C(19)

C(22)

C(22)

C[23)

C{23)

C{23)

C[23)

C[24)

C(24)

C(24}

C(24)

C(25)

C(25)

C(25)

C(25)

C(25)

C(25)

C(26)

C(27)

C(27)

C(28)

C(28)

C(28)

C{28)

C(28)

C(28)

C(28)

C(28}

C(29)

C(29)

C(29)

C(29

C(31

C(31

C(31

C(31

C(31

C(31

C(31

C(31

C(31

C{31

C(32

C{33)

C(34)

c(35)

c(41)

c(41)

c(41)

c(41)

Atom 3

C(17)

C(18)

C(18)

C(19)

C(19)

C(19)

C{19)

C(113)

C{I13)

C[I13)

C(I13)

C(II0)

C(II0)

C(ll0)

C(110)

C(23)

C(23)

C(24)

C(24)

C(24)

C(24)

C(25)

C(25)

C(25)

c(25)

c(26)

c(26)

c(214)

C(214)

C(214)

C(214)

C(27)

C(28}

C(28}

C(29)

C(29)

C(29)

C(29)

C(213)

C(213)

C{213)

C[213)

C[210)

C[210)

C[210)

C(210)

C(32}

C(32)

C(36}

C(36)

B

B

B

B

B

B

C(33

C(34

C(35

C(36

C(42

C(42

C(46

C(46

Atom 4

c(18)

C(19)

C(113)

C(llO)

C(117)

C(110)

C(117

N(II2

C(i14

N{II2

C(I14

C(lll

C[118)

C(lll)

C(I18)

C(24)

C(215)

C(25)

C(216)

C(25)

C(216)

C(26)

C(214)

C[26)

C{214)

C{27)

C(27)

N(21)

C(213)

N(21)

C(213)

C(28)

C(29)

C(213)

C(210)

C(217)

C(210)

C(217

N(212

C{214

N[212

C(214

C(211

C(218

C(211

C(218

C(33}

C[33}

C(35)

C(35)

C(41)

C(51)

C(61)

C(41)

C(51)

C{61)

C(34)

C(35)

C{36)

C(31)

C(43)

C(43)

C{45)

C(45)

Angle

_mJlm

-1.33

-179.24

1.57

179.10

-1.53

-1.73

177.65

178.09

-0.08

-1.14

-179.31

2.97

-178.17

-176.41

2.45

-1.42

179.46

1.89

-178.60

-179.04

0.47

-179.46

-0.68

1.03

179.82

-179.27

1.92

-1.23

-179.59

177.65

-0.7O

-0.96

179.54

-1.24

176.37

-2.68

-2.84

178.11

-176.39

2.43

2.87

-178.31

-0.19

-178.55

178.84

0.49

-0.24

175.17

-O.O6

-175.64

115.35

-124.63

-2.95

-69.53

50.50

172.18

0.33

-0.09

-0.20

0.28

-0.31

176.99

0.37

-177.09

0.55)

0.33)

0.50)

0.31)

0.50)

0.45)

0.30)

0.29)

0.42)

0.45)

0.28)

0.45)

0.30)

0.30)

0.50)

0.48)

0.30)

0.46)

0.31)

0.31)

0.51)

0.34)

0.46)

0.53)

0.32)

0.36)

0.55)

0.46}

0.29)

O.3O)

0.45)

0.62)

0.37)

0.55)

0.33)

0.51)

0.46)

0.30)

0.29)

0.46

0.45

0.28

0.46

0.30

0.30

0.50

0.43

0.28

0.44

0.30

O.3O)

0.28)

0.38)

0.34)

0.35)

0.27)

0.49)

0.56)

0.54}

0.54)

0.39]

0.26}

0.42)

0.27)
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Table B.2, continued

Atom 1

C{42)

C(42)

C{42)

C(46)

C{46)

C[46)

C{41)

C[42)

C(43)

C(44)

C(56)

B

Ct52)

B

C(52)

C(52)
C(52)

C(56)

C(56)

C(56)

C(51)

C{52)

c(53)

c(54)

C{66)
B

C(62)

B

C(62)

C(62)

C{62)

C(66)

C{66)

C{66)

C(61)

C(62)

C{63)

C(64)

C(19)

C{I18)

N{II2)

N{II2}

C(18)

C(18)

C{29)

C[218)

N(212)

N{212)

C(28)

C(28)

Atom 2
_*Bs_m

C(41)

C(41

C(41

C(41

C(41

C(41

C(42

C(43)

c(44)

C(45)

C(51

C(51
C(51

C(51

C(51

C(51

C(51
C(51

C[51
C(51

C{52)

C(53)
C(54)

C[55)
C(61

C(61

C(61

C(61

C(61

C(61

C(61

C(61

C{61

C{61

C{62)

C(63)

C{64)

C(65)
C(110)

C(110)

C(113)
C(113)

C(113)
C{113)

c(21o)
C{210)

C{213)

C{213)

C(213)

C(213)

Atom 3

B

B
B

B

B
B

C(43
C(44

C(45
C(46

C(52

C(52
C{56)

C(56)
B

B
B

B
B

B

C(53)

C(54)

C{55)

C(56)
C(62)

C{62)
C{66)

C{66)
B

B
B

B
B

B

C(63)
C(64}

C(65}

C(66)

C(III)

C(III)

C(I14)

C(i14)

C(i14)

C(I14)

C(211)

C(211)

C(214)

C(214)

C(214)

C(214)

Atom 4

m_aWa_lnRm

C(31)

C(51)

C(61]
C(31)

C(51)
C(61)

C(44)
C(45)

C(46)
C(41)

C(53)

C(53)
C(55)

C(55)

C(31)
C(41
C(61

C(31

C{41
C{61

C[54

C(55

C(56

C(51

C[63

C(63

C(65

C(65

C(31

C(41

C(51

C(31

C(41

C(51

C(64

C(65}

C(66)

C(61)

N(II2)

N(II2)

N(II)

C(15)

N(II}

C(15)

N(212)

N(212)

N(21}

C(25)

N(21)

C(25)

_gle
sw_-al=

21.25

-98.03

142.27

-161.58

79.14

-40.56

-0.26

0.77

-0.71

0.13

0.41

-179.32

0.04

179.79

-143.45

-21.30

95.16

36.84

158.98

-84.55

-0.40

-0.08

O. 52

-0.52

-0.82

-177.70

1.47

178.46

-115.84

122.06

3.79

67.46

-54.64

-172.91

-0.04

0.32

0.31

-1.27

-1.59

179.50

-2.02

-179.94

176.25

-1.66

3.73

-177.82

-1.02

177.42

-179.91

-1.47

0.37)

0.29)

0.26)

0.24)

0.29)

0.32)

0.42)

0.43)

0.44)

0.46)

0.41)

0.27)

0.45)

0.28}

0.26)

0.34)

0.31)

0.33)

0.24)

0.29)

0.49}

0.49}

0.48)

0.47}

0.46}

0.31)

0.47)

0.31)

0.31}

0.30}

0 38)

o 34)

0 34)

0 25)

0 56)

0 66)

0 65)

0 59)

0 48)

0 30)

0 38)

0 29)

0 26)

0 43)

0 48)

0 29)

0 39)

0.26)

0.29)

0.45)
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Table B.3. Structure factors (F_. & F2_) ' for [Cu(tmp)2]BPh4.

H R L Ot_ Ca1©

4 0 0 51192 98945 12 _ 0 1082 1242 13 • 0 '04 868 14 9 0 -11

4 0 0 21'71 21828 13 3 0 2224 2369 12 6 0 253 293 14 9 0 32

8 0 0 8741 9750 14 3 0 996 1042 13 6 0 $ 6 16 9 0 -3

10 0 0 4782 8962 15 $ 0 98 100 14 _ 0 104 91 17 9 0 3

12 0 0 7950 7772 16 $ 0 474 756 15 6 0 94 !141 19 9 0 74

18 0 0 2354 2169 17 $ 0 105 102 19 • 0 •• 113 0 10 0 4

16 0 0 237 339 19 3 0 136 78 17 • 0 71 S0 1 10 0 21 0

14 K L Obe C-a1© H K L Obe r.al© H K I. _ Calc H K 1. (]be C_1©

........................................

8 -12 1 1 29 18

2 -11 1 1 87 100

1 -10 1 1 942 •34

3 -3 1 1 236 2138

7 -8 1 1 585 425

87 -7 1 1 1607 1557

275 -6 1 1 875 792

148 2 10 0 119 150 -5 1 1 5302 5719

103 3 10 0 16 13 -4 1 1 561 557

75 4 10 0 70 75 -3 1 1 1078 1137

39 S 10 0 31 67 -2 1 1 113 158

32 6 10 0 34 45 -1 1 1 97 147

879 7 10 0 371 441 1 1 1 •594 12989

• 20 0 10 0 5 3 2 1 1 3579 3346

51'6 9 10 0 115 123 3 1 1 20 7

19 10 10 0 135 147 4 1 1 2583 2812

109 11 10 0 89 20 5 1 1 454 404

19 12 10 0 14 18 6 1 1 9980 20218

44 13 10 0 -14 27 7 1 1 921• 8542

1 14 10 0 -4 1 9 1 1 8078 4000

$ I 11 0 87 5 9 1 1 -1 2

1 2 11 0 -17 3 10 1 1 3446 3765

54 3 11 0 170 163 1] 1 1 41 39

150 4 11 0 45 4, 12 1 1 595 373

93 5 11 0 2 25 13 1 1 229 229

64 .611 0 42 40 1411 5348 5031
7 11 -27 2 15 1 1 10

31 • 11 0 -32 33 16 1 1 23 24

6 8 11 0 141 58 17 1 1 25 0

1 2120 53 2 181 1 66 54
0 312 0 56 19 1 18 49

7 4 12 0 -40 1 20 1 1 20 77

735 5 12 0 12 25 21 1 1 41 6

62 ._12 nO -56 29 22 21 1 99 2728 12 .'m 20 -22 1 -5 21

8 8 12 0 -3 13 -21 2 1 29 34

664 -20 2 1 226 250

16 0 0 SS1 Sl• 19 3 0 -14 • 18 6 0 131

20 0 0 1315 1268 20 3 0 265 254 19 • 0 53

22 0 0 -2 112 21 3 0 20 9 20 • 0 194

1 1 0 513 1150 22 3 0 10 •• 21 • 0 93

2 1 0 143 173 0 4 0 117 137 1 7 0 32

3 1 0 2078 2376 1 4 0 7585 7963 2 7 0 994

4 1 0 734 83• 2 4 0 250 :43 3 7 0 ••2

S 1 0 '74 424 3 4 0 7275 7822 4 7 0 S38

4 1 0 1257 3239 4 4 0 235 185 S 7 0 28

7 1 0 1675 1597 5 4 0 14325 14998 • 7 0 201

8 1 0 775 540 • 4 0 41 42 7 7 0 •

9 1 0 2081 1994 7 4 0 8171 •404 8 7 0 43

10 1 0 2010 1870 • 4 0 130 193 9 7 0 -4

11 1 0 35 38 9 4 0 0036 2173 10 7 0 7

12 1 0 1844 1498 10 4 0 115 100 11 7 0 -4

13 1 0 127 103 11 4 0 1353 1183 12 7 0 32

14 1 0 771 701 10 4 0 578 887 13 7 0 199

15 1 0 476 453 10 4 0 1085 1109 14 7 0 56

19 1 0 22 35 14 4 0 22 0 15 7 0 24

17 1 0 14 | 15 4 0 86 60 16 7 0 16

19 1 0 132 136 19 4 0 -10 7 17 7 0 93

1,10 -9 61740493 5111470 0

20 1 0 93 105 1• 4 0 -18 2 14 7 0 29

21 1 0 ' 1 18 4 0 485 524 20 7 0 -12

22 1 0 28 5 20 4 0 127 39 21 7 0 -5

0 2 0 4524 4921 21 4 0 124 241 0 8 0 '21

1 2 0 2200 2399 20 4 0 1 12 1 8 0 108

2 2 0 26125 30171 1 5 0 94 83 2 8 0 49

97 3 8 0 -6

19 2 ) 302

20 2 1 487

21 2 1 10

22 2 1 37

-22 3 1 -44

-21 3 1 112

-20 3 1 41

-19 3 1 EO

-14 3 1 38

-17 3 1 19

-16 3 1 64

-15 3 1 61

3 2 0 2396 2387 2 $ 0 105

4 2 0 2821 3057 3 5 0 686 926 4 0 0 145 176 -21 0 1 584
5 2 0 101 130 8 S 0 /[35 556 5 8 0 377 179 -13 0 1 543 552 -19 2 1 107 61

$ 2 0 173 219 5 5 0 1498 1590 5 8 0 105 94 -17 0 1 1167 1082 -10 2 1 114 127

7 2 0 6185 9450 5 5 0 145 120 7 8 0 216 184 -15 0 1 35 52 -17 2 1 4,5 401

8 2 0 5569 5380 7 5 0 186 367 8 8 0 383 3•7 -13 0 1 5043 5029 -16 2 1 80 96

12o 454•95!5o ,, 4, 'ii 11 1_1101252.2557151i 11.1141 2 0 1076 1953 5 0 416 407 1 55 34 0 1 327 457 -14 526 474

11 0 412 403 1 5 0 31 25 11 278 282 -7 0 1 3219 2667 -13 2 1895 1880

12 2 0 3895 4013 11 5 0 1094 1090 12 6 0 176 1(.0 -5 0 1 29437 28703 -12 2 1 2842 2962

13 2 0 3388 3'35 12 5 0 74 34 13 8 0 94 58 -3 0 1 7184 9050 -11 2 1 1300 1352

14 2 0 334 265 13 5 0 83 96 14 8 0 291 333 3 0 1 29773 33969 -10 2 1 839 1102

15 2 0 130 101 14 5 0 6 3 15 8 0 •• 23 5 0 1 1492 1360 -9 2 1 409• 4052

16 2 0 480 44• 15 5 0 948 1049 16 8 0 154 115 7 0 1 4120 4505 -8 2 1 13550 13198

17 2 0 1006 973 16 5 0 32 0 17 8 0 -2 0 9 0 1 7598 7576 -7 2 1 2998 3123

18 2 0 470 419 17 5 0 149 186 18 8 0 124 89 11 0 1 2242 2332 -6 2 1 3084 3251

19 2 0 429 441 18 5 0 44 39 14 8 0 4 2 13 0 1 8914 10102 -5 2 1 206 207

20 2 0 381 380 19 5 0 98 95 20 6 0 4? 13 15 0 1 260 324 -4 2 1 10233 10809

21 2 0 213 240 20 5 0 88 92 1 9 0 7 16 17 0 1 1845 1872 -3 2 1 7562 7693

2, 2 0 4 22 21 5 0 -13 2 2 , 0 , 2 18 o, 945 435 2 _ 1 1142712,47
3 0 1390 1491 0 • 0 3374 3188 3 9 0 162 165 21 0 1 630 600 -1 2 1 16555 17745

2 3 0 419 430 1 6 0 1355 1370 4 9 0 -32 1 -22 1 1 59 0 0 2 1 5 12550

3 3 o 12 17 2 • 0 43 39 5 8 o 307 195 -21 1 1 -25 0 1 2 1 4419 4597
4 3 0 41 36 3 6 0 128 113 6 9 0 89 77 -20 1 1 61 120 2 2 1 ?8•4 8523

5 3 0 1795 1822 4 • 0 17•5 1"/70 7 8 0 4 0 -19 1 1 23 33 3 2 1 694 757

5 3 0 32 69 5 • 0 899 812 8 8 0 8 10 -10 1 1 290 326 4 2 1 6875 7280

7 3 0 4325 3843 6 • 0 443 496 9 8 0 372 335 -17 1 1 58 23 5 2 1 1673 1769

8 _ 0 374 344 7660 35 16 1010 20 1-15 11 224 109 .6 2 1 4590 4947
9 115 132 • 17 18 11 31 29 -15 1 777 708 2 2713 2857

10 3 0 44 15 9 6 0 156 152 12 9 0 41 50 -14 1 1 1583 1513 8 22 1 569 70211 3 0 ,0. .1 10 , 0 4. ,3 13 , o , 47 ,3 I 1 1.15 ..15 , 1 3•25 3522
10 2 ) 1913 1976 -14 4 3 866 •29 8 5 1 80E 724 -11 7 1 188 156 13 8 1 314 277

11 2 1 2442 2383 -23 4 2 40 79 10 5 1 35 40 -10 7 1 8 5 14 8 1 45

12 2 1 817 767 -12 4 1 1784 1758 11 5 1 927 987 -8 7 1 2 7 15 9 1 211

13 2 1 1958 1532 -11 4 1 12 7 12 5 1 771 724 -8 7 1 30 9 26 • 1 10

14 2 1 1952 2067 -30 4 1 215? 2219 13 5 1 212 111 -7 7 1 36 29 17 8 1 151

15 2 1 45 27 -9 4 1 104 188 14 S 1 74 63 -6 7 1 7 10 le 8 1 18

16 2 1 '05 794 -8 4 2 610 781 15 5 1 273 2'3 -5 7 1 19 14 19 8 1 51

17 2 1 541 409 -7 4 1 79 61 16 5 1 101 99 -4 7 1 159 161 20 8 1 -34

18 2 1 390 379 -6 4 1 14432 14367 17 5 1 244 226 -3 7 1 1287 1267 -18 9 1 102

305 -5 4 1 2070 2112 18 5 1 94 69 -2 7 1 164

518 -4 4 1 644 804 19 5 1 81 93 -1 7 1 8?3

27 -3 4 1 404 390 20 S 1 9 9 0 7 1 10

99 -2 4 1 1307 196"/ 21 5 1 -44 20 1 7 1 138

4 -1 4 1 19 1 -21 6 1 -6 29 2 7 1 64

55 0 4 1 4 14 -20 4 1 15 1 3 7 1 278

8 1 4 1 690 725 -19 6 1 135 95 4 7 1 147

53 2 4 1 993 1011 -14 6 1 210 203 5 7 1 23

29 3 4 1 722 634 -17 • 1 128 200 • 7 1 206

13 4 4 1 3601 3634 -16 6 1 233 273 7 7 1 -9

74 5 4 1 36 25 _15 6 1 99 93 8 7 1 88

75 • 4 1 3026 3120 -14 5 1 475 491 9 7 1 53

-14 3 1 190 231 7 4 1 353 318 -13 6 1 301 274 10 7 1 399

-13 3 1 114 100 8 4 1 742 824 -12 6 1 518 522 11 7 1 490

-12 3 1 1203 1201 9 4 1 650 585 -11 6 1 178 170 12 7 1 150

-11 3 1 1475 1435 10 4 1 1244 1327 -10 6 1 1395 1282 13 7 1 35

-10 3 1 1274 977 11 4 1 -5 0 -9 6 1 392 379 14 7 1 296

-9 3 1 $21 499 12 4 1 1765 1951 -8 • 1 904 954 15 7 1 -22

-9 3 1 1334 995 13 4 1 411 399 -7 • 1 1411 1459 19 7 1 31

-7 3 1 220 221 14 4 1 125

-5 3 1 2954 2683 15 4 1 -3

-5 3 1 6•0 586 15 4 1 4•5

-4 _ 1 5 0 17 4 1 59

-3 3 1 663 573 18 4 1 577

-2 3 1 2501 2819 19 4 1 117

-1 3 1 13 3 20 4 1 252

0 3 1 4?3 792 21 4 1 -19

1 3 1 19 21 -21 5 1 34

108 -• • 1 439 425 17 7 1 -9

8 -5 6 1 3208 2835 18 7 1 45

444 -4 • 1 2310 2305 19 7 1 -24

75 -3 6 1 3396 3424 20 7 1 8

• 36 -2 • 1 669 712 21 7 1 26

52 -1 6 1 3711 1733 -20 8 1 82

229 0 5 1 293 293 -19 5 1 23

4 1 • 1 1274 1269 -19 9 1 39

41 2 5 1 1134 II$I -17 8 1 87

20

173

10

151

12

7

0

1

150 -1"/ 9 1 44 1

669 -16 9 1 -24 8
539 -15 9 1 11

100-149 1 561 -13 9 22 2

223 -12 9 1 44 53

139 -11 9 1 15 24

5 -10 9 1 ?5 3.6

188 -9 9 I $ 22

3 -8 9 1 9 16

"/9 -7 9 1 30 21

33 -4 9 1 9 0

384 -5 9 1 181 0

408 -4 9 1 -27 0

162 -3 9 1 -10 5

1 -2 9 1 11 21

251 -1 9 1 -9 09 1 44 48

9 1 9 1 30 49

1 9 1 130 147

• 4 9 1 96 82

17 5 9 1 95 53

1 6 9 1 10 1

1 7 9 1 56 112

6 4 9 1 50 49

15 9 9 1 7 13

102 10 9 2 42 26
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Table B.3, continue_l

15 3 1 32
18 $ 1 73

17 3 1 431
10 3 1 63

19 3 1 65
20 3 1 -13

21 3 1 S3
22 3 1 33

-22 4 1 98
-21 4 1 27

-20 4 1 471
-19 4 1 104

-10 4 1 405
-17 4 1 35

-16 4 1 $78
-15 4 1 SO

7 10 1 150
8 10 1 20

9 10 1 5
10 10 1 35

11 10 1 09
12 10 1 116
13 10 1 -1

14 10 1 0
-3 11 1 -12

-8 11 1 31
-? 11 1 -3

-6 11 1 75
-S 11 1 113

-4 11 1 49
-3 11 1 127

-2 11 1 -7
-1 11 1 153

0 11 1 32
1 11 1 100

2 11 1 55
3 11 1 18

4 11 1 99
5 11 1 35

6 11 1 46
? 11 1 12

8 11 1 *36
9 11 1 79

-8 12 1 239
-? 12 1 117
-8 12 1 ?3

-5 12 1 122
-4 12 1 665

-3 12 ) 15
-2 12 1 -31

-1 12 1 156
2 12 1 45

3 12 1 05

4 12 1 71
5 12 1 ?

8 12 1 162

? 12 1 -12
-22 0 2 0

H K L GI_ talc H K L Ci_ '*-Ic I.I g L O_I r'lc H g I, Obs Calc H g L Obe Celt

3 1 "-4 .... 4 -20 S 1 -4 7 3 6 1 1076 1162 -18 0 1 4 14 11 9 1 249 279

3 3 1 8_4 1122 -19 3 1 0 • 4 8 1 96 00 -13 0 I $0 76 12 • I 102 70
4 3 1 333 320 -10 S 1 32 1 S 8 1 2298 2274 -14 0 1 32 33 13 9 1 113 111

3 3 1 609 628 -17 3 1 103 113 g g 1 356 320 -13 | 1 272 235 14 9 1 46 16
6 3 1 33 20 -16 3 1 -10 1 7 g 1 883 892 -12 0 2 9 15 15 9 1 66 70

7 3 1 3.V8 379, -15 0 1 224 204 . , 1 425 459 -11 . 1 21 29 28 , 1 -15 1
0 3 1 5032 5010 -14 3 1 26 8 8 6 ) 1488 1444 10 8 1 4 0 17 3 1 20 18

9 3 1 1094 1177 013 3 1 17 22 10 6 2 6 2 -9 0 1 396 343 18 9 1 52 6
10 3 1 40 31 -12 3 1 663 667 11 6 2 449 434 -I 0 1 194 1?7 14 20 1 95 108

11 3 1 221 265 -11 S 1 100 121 12 6 1 153 133 -7 8 1 821 030 13 20 1 15 0
12 3 1 125 123 -10 S 1 375 382 13 6 1 528 540 -6 8 1 13 23 -12 10 1 77 103

13 3 1 60 70 -S S 1 28 40 14 6 2 40 36 *5 l 1 ill 333 -11 20 2 24 7
14 3 1 131 130 -8 5 1 285 212 13 6 1 125 117 -4 8 1 81 85 -10 10 1 00 $3

32 -7 S 1 901 758 16 6 1 114 107 -3 0 1 298 350 -3 10 1 19 10
43 -8 S 2 222 203 17 8 l 240 271 -2 0 1 33 43 -3 10 1 0 0

551 -5 S 1 1682 1517 10 6 1 76
53 -4 3 1 8 11 13 6 1 31

85 -3 S 1 34 81 20 6 1 27
14 -2 5 1 350 054 21 6 1 -10

03 -1 5 1 35 66 -21 7 1 -3
12 0 3 1 360 $04 -20 7 1 6

114 1 5 1 183 100 -19 7 1 13

14 2 5 1 291 208 -10 7 1 23
520 3 5 1 210 166 -17 7 1 13

41 4 5 1 141 131 -16 7 1 2?
418 5 5 1 57 46 -15 7 1 117

39 6 3 1 455 300 -14 7 1 2
523 7 S 1 158 174 -13 7 1 128

10 0 5 1 190 131 -12 7 1 6

61 -1 O 1 1424 1345 -7 10 1 24 2
23 0 8 1 404 314 -g 10 1 138 184

27 1 8 1 363 342 -S 10 1 -3 4

23 2 1 . :_ 11o I 71 14 3 0 1 283 2 10 13
4 4 8 1 195 75 -2 10 1 82 74

11 S 0 1 411 402 -1 10 1 73 26

35 4 | 1 0 1 0 10 1 13 2
0 ? O 1 28 40 I 10 1 -23 0

1 9 9 1 98 96 2 10 1 148 140
141 9 O 1 110 118 3 10 1 32 23

? 10 8 1 SS 64 4 10 1 -37 9

150 11 9 1 17 10 S 10 1 135 121
3 12 O 1 270 317 8 10 2 353 233

36 -10 1 2 -4 0 3 2 2 1052 2045 -20 4 2 54 3 3 S 2 1220 970

6 -17 1 2 107 100 4 2 2 25 8 -19 4 2 628 593 4 5 2 172 164
8 16 1 2 197 205 5 2 2 1425 1504 -19 4 2 23 0 5 5 2 3001 299?

17 -15 1 2 120 117 8 2 2 3172 367? -17 4 2 1292 1269 5 S 2 325 202
70 -14 1 2 391 429 ? 2 2 5440 5308 -16 4 2 34 35 ? S 2 5 1

107131 2 12.1 1265 . 2 2 5216 503915 4 2 061 ?47 . 3 2 1490 150,
3 -12 1 2 228 235 9 2 2 454 384 14 4 2 -2 2 9 S 2 1031 948
3 11 1 2 155 132 10 2 2 2306 2316 -13 4 2 1745 1691 10 5 2 90 77

1 -10 1 2 2?9 264 11 2 2 1255 1313 12 4 2 27 10 11 5 2 67 02
2 -9 1 2 28 2 12 2 2 1692 1603 11 4 2 2571 2674 12 3 2 12 1

0 -| 1 2 2??9 302? 13 2 2 1158 1076 10 4 2 107 140 13 5 2 07 02
?0 -7 1 2 803 ??7 14 2 2 99

94 -6 1 2 299 215 15 2 2 54
30 -5 1 2 1299 1207 16 2 2 437

144 -4 1 2 3384 3505 17 2 2 251
20 3 1 2 5176 5075 10 2 2 100

176 -2 1 2 6994 7303 19 2 2 52
39 -1 1 2 1543 2245 20 2 2 249

64 0 1 2 3495 7272 21 2 2 56
100 1 1 2 141 127 22 2 2 -44

21 2 1 2 3 5129 22 3 2 53

97 3 1 2 305 324 21 3 2 42

69 4 ] 2 4664 5087 -20 3 2 13
5 5 1 2 122 128 19 3 2 50

110 8 1 2 1443 1235 -18 3 2 18

5 ? 1 2 2584 2516 -17 3 2 27
2 8 1 2 230? 1901 -15 3 2 43

0 8 1 2 1729 1582 -15 3 2 345
36 10 1 2 1721 1598 -14 3 2 173

09 11 1 2 79 48 13 3 2 62
144 12 1 2 197 141 -12 3 2 302
35 13 1 2 1429 1142 11 3 2 039

43 14 1 2 420 354 10 3 2 82
29 15 1 2 145 71 -9 3 2 183

42 16 1 2 349 380 -0 3 2 296 26? 14 4 2 360

41 17 1 2 31 93 -7 3 2 3592 3400 15 4 2 24

16 10 1 2 5 1 6 3 2 505 540 16 4 2 54
32 19 1 2 140 138 -5 3 2 274 273 17 4 2 253

22 20 1 2 83 91 4 3 2 0 1 li 4 2 6
0 21 1 2 40 22 3 3 2 289 264 19 4 2 240

0 22 1 2 -14 13 2 3 2 2143 2199 20 4 2 32

80 22 2 2 120 75 1 3 2 2016 1917 21 4 2 -34
20 0 2 1452 1509 -21 2 2 415 523 0 3 2 7569 7?42 21 5 2 8
18 0 2 1709 1833 20 2 2 701 603 1 3 2 66 49 -20 S 2 13

it 0 2 1433 1348 -13 2 2 377 353 2 5 2 627 811 19 5 2 123
-14 0 2 6431 5893 -18 2 2 254 294 3 3 2 996 1084 -18 5 2 7

12 0 2 14760 13906 17 2 2 696 669 4 3 2 32 40 -17 5 2 3
-10 0 2 2?476 2?342 -16 2 2 114 127 5 3 2 735 550 -15 5 2 31

9 0 2 12549 13706 -15 2 2 58 29 6 3 2 1933 1734 15 S 2 52

90 -9 4 2 2259 2220 14 5 2 13 3
100 -0 4 2 286 240 15 5 2 4 19
3?3 -? 4 2 3498 3?34 16 S 2 163 138

209 -6 4 2 1013 985 17 S 2 42 20
177 -S 4 2 19538 20030 19 S 2 133 137

12 -4 4 2 2500 2443 19 S 2 62 99
245 3 4 2 2124 2341 20 5 2 80 132

43 2 4 2 1269 1115 21 S 2 39 26
1 -1 4 2 647? 6745 21 8 2 16 13

11 0 4 2 680 532 20 6 2 -33 2
2 1 4 2 2322 2700 -19 6 2 S? 16

10 2 4 2 7 2 -19 6 2 407 430
4 3 4 2 552 904 -17 8 2 09 38

? 4 4 2 253 238 16 6 2 _39 130
0 S 4 2 3050 3275 -)S 6 2 85 80

19 6 4 2 1224 1035 -14 6 2 149 182
323 7 4 2 3206 3293 -13 6 2 142 146

130 8 4 2 343 317 -12 6 2 575 593
3? 9 4 2 577 534 oll 8 2 11 17

346 10 4 2 250 230 10 6 2 400 497

792 11 4 2 1768 1674 -9 6 2 81 87
40 12 4 2 174 133 -8 6 2 469 497

164 13 4 2 3151 3055 -7 6 2 766 783
371 -6 6 2 809 606

b -5 8 2 350 622

43 -4 8 2 342 630
259 -3 6 2 364 643

0 -2 6 2 222 171

266 1 6 2 142 31
2

0 8 1989 19931 6 2 1059 967
2 2 6 2 25 4
0 3 6 2 251 276

130 4 6 2 1466 1501
7 5 6 2 12 4

10 6 6 2 3672 3502
0 7 6 2 144 125

53 8 6 2 649 645

6 oo: 161871,132I : : 6?1 616 7 : : 2490 261716 5 : 100 7 , : 339-4 12291 13475 -13 4300 43?7 8 1149 1298 -13 5 211 206 10 6 StO

2 0 2 327 8592 -12 2 2 3995 39?8 3 3 2 97 71 12 5 2 19 25 11 6 2 4
4 0 2 2152 2190 -11 2 2 1603 1459 10 3 2 660 669 11 5 2 24 17 12 6 2 118

6 0 2 3201 3915 -10 2 2 770 093 11 3 2 15 16 10 5 2 238 246 13 6 2 349
8 0 2 1499 1667 -9 2 2 911 1148 12 3 2 1239 1274 9 $ 2 42 25 14 6 2 92

10 0 2 2226 2409 -8 2 2 6191 6078 13 3 2 418 424 8 S 2 246 205 15 6 2 628

12 0 2 3047 3282 -7 2 2 3259 3529 , 14 3 2 97 34 -7 S 2 419 362 16 6 2 34
14 0 2 754
16 0 2 12

18 0 2 552
20 0 2 727

22 0 2 44
-22 1 2 30

-21 1 2 27
-20 1 2 -10

-19 1 2 96

-17 ? 2 61
-16 ? 2 49
-15 ? 2 19

14 ? 2 351
13 ? 2 99

12 7 2 32
-11 ? 2 7

-10 7 2 21

696 6 2 2 6540 7211 15 3 2 90 39 6 S 2 320 305 17 6 2 100
9 -5 2 2 36 25 16 3 2 603 633 -5 3 2 53 41 18 6 2 -38

496 -4 2 2 0376 9219 17 3 2 100 117 -4 5 2 904 957 19 6 2 -6

762 3 2 2 10753 11835 10 3 2 108 119 3 5 2 1038 007 20 6 2 18
105 -2 2 2 2?4 267 19 3 2 49 20 2 5 2 2512 2445 21 6 2 -59

14 -1 2 2 2852 3100 20 3 2 65 70 -1 5 2 261 198 -21 ? 2 47
26 0 2 2 7235 7?66 21 3 2 ?6 80 0 5 2 197 211 20 ? 2 -22

20 1 2 2 32614 39281 22 4 2 -14 0 1 5 2 2140 2126 -19 7 2 14

571
542

13_
315

9O

601
43

96
7

10
13
64

24

14
0

97 2 2 2 3447 9875 -21 4 2 51 9? 2 5 2 30 30 10 7 2 102 49

S ? 8 2 135 116 0 10 2 145 153 21 0 3 200 224 1 2 3 222?| 24?95

1 $ 8 2 1306 1293 i 10 2 66 40 22 1 3 74 2 0 2 3 23683 31293
3 9 9 2 66 60 2 10 2 66 77 -21 1 3 66 59 1 2 3 75 50

260 10 0 2 -4 1 3 10 2 73 46 -20 1 3 19 11 2 2 3 203 202
109 11 8 2 49 75 4 10 2 23 59 19 1 3 -10 0 3 2 3 35 7

23 12 0 2 372 352 5 10 2 156 153 19 1 3 6 10 4 2 3 0007 9540

3 13 8 2 53 13 610 2 140 112 -17 1 3 39 48 S 2 3 191 237
29 14 8 2 128 114 7 10 2 06 98 16 1 3 89 62 5 2 3 1435 2375
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Table B.39 continued

H g L "be C41¢ H K L _ Ca1¢ H K L _ _lC H K L ObG C41C H X L _ C42C

9 ? 2 23 34 IS 1 2 "2_ "--30 I 10 2 59 S4 -15 1 3 945 9499 ? 2 3 1204 1006

-8 ? 2 60 '0 1' ' 2 207 154 ' 10 3 18 10 -14 3 ' 341 23@ ' 2 3 ' 11

-7 ? 2 -9 1 17 3 2 -S
-i ? 2 -3 3 1. 3 2 172

-S ? 2 19 12 18 3 2 $

-4 ? 2 190 142 20 I 2 -26
-3 7 2 184 195 -10 8 2 93

-2 7 2 14993 1315 -17 8 2 34
-1 7 2 -2

0 7 2 -13
1 7 2 20

2 7 2 353
3 7 3 577
4 7 2 416

5 ? 3 343
4 7 3 57

7 7 2 554
8 7 3 0

9 7 2 41

10 7 2 40
11 7 2 1132
12 7 2 18

13 7 3 10
14 ? 3 171

15 ? 2 43
16 ? 2 13

17 ? 2 20
00

I -14 9 2 18
0 -15 • 2 23

2 -14 • 2 24
370 -13 • 2 2

846 -12 • 2 18
443 -11 • 2 80
313 -10 • 2 3

48 -8 • 2 100

508 -8 • 2 17

0 10 10 2 34

48 11 10 2 3
23 12 10 2 3

13 13 10 2 34
0 14 10 3 24

0 -0 31 2 4
4 -99 31 2 31

4 -7 11 2 45
0 -4 11 2 34

0 -3 31 2 100
2? -4 11 2 287

9S -3 11 2 88
S -2 11 2 3

74 -1 11 2 2?
12 0 11 2 -21

1 -? • 2 152 147 1 11 2 34

75 -6 3 2 40 30 2 11 2 13
63 -5 t 2 74 4 3 11 2 0•

995 -4 9 2 90 111 4 11 2 32
• -3 3 2 23 3 S 11 2 92
4 -2 • 2 -3 20 4 11 2 -59

210 -1 9 2 214 105 7 11 2 •
14 0 9 2 4 0 8 11 2 24

10 1 9 2 2g 10 • 11 2 40
40 2 9 2 0 2 -$ 12 2 -93

4 3 9 2 43 53 -? 12 2 -7

SO -13 1 ) 1938 1022 ! 2 3 1618 1455

17 -12 1 3 SO• 434 10 2 3 1447 1723
• -11 1 3 23 10 11 2 3 748 724

23 -10 1 3 132 194 12 2 3 1241 1202
? -9 1 3 2544 2250 13 2 3 334 388

24 -0 1 3 3•3 331 14 2 3 508 453
54 -? 1 3 170 180 15 2 3 -18 5

0 -8 1 3 4042 4256 16 2 3 325 154
60 -S 1 3 77 101 17 2 3 487 481

0 -4 1 3 4•32 ?769 199 2 3 283 248
76 -3 1 3 29909 2505 19 2 3 350 363
$4 -2 1 3 -3 20054 20 2 3 141 132

4 -1 1 3 4331 5109 21 2 3 24 2
47 0 1 3 1730 1176 22 2 3 501 12

0 1 1 3 -2 22475 -22 3 3 18 83
13 2 1 3 49'8 3647 -21 3 3 76 46

0 3 1 3 225 241 -20 3 3 100 699
30 4 1 3 4103 4429 -19 3 3 28 44

• 8 1 3 046 994 -18 3 3 28 1
73 4 1 3 4312 4668 -17 3 3 36 92

23 7 1 3 190 165 -14 3 3 9 2
1 8 1 3 115 154 -15 3 3 599 41

43 • 1 3 ?4 46 -14 3 3 51 SO
48 10 1 3 1311 14899 -13 3 3 107 63

4 11 1 3 834 725 -12 3 3 443 472
35 12 1 3 571 415 -11 3 3 404 47919 ? 2

18 ? 2 17 4 4 9 2 ? 23 -6 12 2 80 118 13 1 3 74 24 -10 3 3 2908 2593

20 ? 2 18 3 5 • 2 998 40 -S 12 2 233 31 14 1 3 3803 3?95 -99 3 3 2474 2415
21 ? 2 94 17 6 9 2 '9 '5 -4 12 2 403 3 15 1 3 83' 033 -9 3 3 5442 4940

-20 3 2 10 14 7 9 2 179 158 -3 12 2 S 4 16 1 3 128 152 -7 3 3 5791 5774
-19 9 2 41 4 8 8 2 42 01 -2 12 2 4 39 17 1 3 186 194 -6 3 3 1213 1234

-1. 9 2 12 29 99 9 2 -9 3 2 12 2 55 3, 18 1 3 28? 3599 -5 3 3 $20 439
-17 9 2 38 13 10 9 2 39 4 3 12 2 212 35 19 1 3 93 71 -4 3 3 78 104
-16 3 2 122 111 11 • 2 121 94 4 12 2 -53 7 20 1 3 324 311 -3 3 3 10743 11507

15 . 2 46 ? 12 2 102 120 512 2 0 67 211 3 53 61 2 3 3 435 30
-14 8 2 160 223 13 9 2 19 21 $ 12 2 2?0 107 -22 2 3 152 148 -1 3 3 1035 1239

-13 0 2 699 73 14 9 2 27 14 ? 12 2 -33 7 -21 2 3 209 198 0 3 3 4•2 475
-12 8 2 248 2?0 15 8 2 59 46 -21 0 3 490 39? -20 2 3 1120 1151 1 3 3 1259 1306

-11 O 2 8 5 16 3 2 19 • -19 0 3 204 140 -19 2 3 406 425 2 3 3 322 358
-10 9 2 275 230 17 9 2 27 0 -17 0 3 732 625 -18 2 3 951 1087 3 3 3 1713 1809

-9 8 2 5 1 18 9 2 -21 0 -15 0 3 34 11 -17 2 3 631 615 4 3 3 233 233
-8 8 2 223 242 -15 10 2 33 18 -13 0 3 2004 19699 -16 2 3 179 166 5 3 3 6150 6001

-7 ' 2 11 0 -14 10 2 -10 13 -11 0 3 403 4999 -15 2 3 45 57 6 3 3 42 15
-6 99 2 117 113 -13 10 2 262 344 -9 0 3 103 115 -14 2 3 3122 3005 ? 3 3 323? 3072
-5 99 2 11 4 -12 10 2 24 4 -? 0 3 4399 556 -13 2 3 2616 2815 8 3 3 752 736

-4 . 2 130 105 -11 10 2 62 41 -5 0 3 1277 1052 -12 2 3 5381 5184 9 3 3 1635 1793
-3 ' 2 15 1 -10 10 2 9 11 -3 0 3 1874 1864 -11 2 3 485 740 10 3 3 425

2 8 2 279 318 -8 10 2 20 19 3 0 3 72205 80140 -10 2 3 2283 2484 11 3 3 9932
-1 8 2 9 2 -4 10 2 50 0 5 0 3 4273 6006 -9 2 3 40 15 12 3 3 1499

0 8 2 592 508 -7 10 2 212 232 ? 0 3 17328 169997 -99 2 3 99397 796g 13 3 3 5299
1 8 2 4599 433 -6 10 2 53 1 9 0 3 1511 1766 -? 2 3 49922 4920 14 3 3 31

2 4 2 242 245 -5 10 2 125 200 11 0 3 30993 3039 -6 2 3 1846 2064 15 3 3 446

3 8 2 74 65 -4 10 2 164
4 8 2 1479 1806 -3 10 2 4
S 8 2 40 47 -2 10 2 24 5

6 8 2 473 698 -1 10 2 173 168 19 0 3 5996
20 3 3 19 58 -2 5 3 27 23 21 6 3 -33

21 3 3 92 92 -1 5 3 193 230 -21 ? 3 38
-22 4 3 240 192 0 S 3 423 554 -20 ? 3 0

-21 4 3 12 0 1 5 3 195 217 -19 ? 3 31
-20 4 3 257 252 2 5 3 1106 1146 -li ? 3 26

-19 4 3 24 S 3 5 3 12299 1080 -17 ? 3 96
-18 4 3 422 403 4 $ 3 505 499 -16 ? 3 3

-17 4 3 78 50 5 5 3 1291 1415 -15 ? 3 399
-16 4 3 761 766 6 5 3 29 21 -14 ? 3 30

-15 4 3 0 1 ' S 3 1263 124, -13 ? 3 145
-14 4 3 163 150 8 3 3 1999 195 -12 ? 3 44

-13 4 3 37 32 9 5 3 430 440 -11 ? 3 32
-12 4 3 23 35 10 5 3 1154 1097 -10 ? 3 81

-11 4 3 395 961 11 5 3 40
-10 4 3 403 421 12 5 3 4

-9 4 3 88 37 13 S 3 669

-. 4 3 1502 1620 14 5 3 347
4 3 1999 1744 15 5 3 146

-5 4 3 1682 1818 16 8 3 205

-5 4 3 33899 330? 17 5 3 21
-4 4 3 4296 4142 14 5 3 92
-3 4 3 1457 1483 19 5 3 6?

-2 4 3 354? 3992 20 5 3 -10
-1 4 3 2516 2622 21 5 3 71

0 4 3 3906 4320 -21 $ 3 74

4 3 556 543 -20 6 3 194 3 6126 6369 -19 6 3 324

3 4 3 2524 2296 -18 6 3 108
4 4 3 5499 5914 -17 4 3 519 516 6 ? 3 -99
5 4 3 23? 214 -16 4 3 84 67 7 ? 3 352

. 4 3 6190 6204 -15 6 3 202 210 8 ? 3 27
? 4 3 9999 46 -14 6 3 31 2 9 ? 3 62

8 4 3 2871 2891 -13 6 3 859 828 10 7 3 136
9 4 3 ?4 01 -12 6 3 95 71 11 ? 3 23

10 4 3 521 537 -11 ' 3 717 731 12 ? 3 9499
11 4 3 6 6 -10 6 3 12 3 13 ? 3 -10

12 4 3 3351 3246 -9 99 3 1304 1182 14 ? 3 370
13 4 3 127 83 -I . 3 -I 3 15 ? 3 5

14 4 3 302 3990 -? 6 3 406 662 16 ? 3 1993
15 4 3 -13 8 -6 6 3 979 964 37 ? 3 24

14 4 3 151 245 -5 6 3 1322 1244 199 ? 3 211
17 4 3 17 6 -4 6 3 231 257 19 ? 3 2

199 4 3 146 ]75 -3 6 3 352 3?0 20 ? 3 82
19 4 3 1991 1993 -2 6 3 1 6 -20 99 3 -15
20 4 3 153 164 -1 6 3 1623 16199 -19 99 3 -13

191 13 0 3 1612 1005 -5 2 3 5?1
14 15 0 3 146 43 -4 2 3 355

209 17 0 3 856 967 -3 2 3 131
509 -2 2 3 344

24 3 99 3 510

0 4 it 3 62
1 5 99 3 119
1 6 4 3 I1

299 ? I 3 215

78 8 O 3 1
0 9 99 3 0

33 10 8 3 23
? 11 99 3 65

154 12 8 3 58
"/2 13 O 3 81

43 14 8 3 5?
74 15 8 3 22

26 -9 ? 3 10 14 16 8 3 14

2 -I ? 3 89 82 17 8 3 117
722 -7 ? 3 15 13 10 e 3 40
292 -6 ? 3 126 137 19 8 3 36

166 -5 ? 3 52 ,0 20.3 41
1'? -4 ? 3 397 350 -18 93 -37

3' -3 ? 3 ? 30 -17 9 3 13

64 -2 ? 3 296 311 -16 9 3 35
49 -1 ? 3 17 5 -35 9 3 3I

13 0 ? 3 130 130 -14 9 3 109
68 1 ? 3 519 3996 -13 9 3 15

31 2 ? 3 1 3 -12 9 3 -1

50 3 ? 3 0 3 -11 9 3 17
339 4 ? 3 113 100 -10 4 3 172

111 5 ? 3 70 66 -9 8 3 65
• -I 9 3 72

336 -7 9 3 109

22 -6 9 3 117
49 -5 9 3 17

128 -4 8 3 88
15 -3 9 3 41

• 03 -2 9 3 394
2? -1 9 3 1?0

36? 0 9 3 245
1 1 9 3 2?9

167 2 • 3 24
12 3 9 3 299

210 4 9 3 0
11 5 9 3 171

32 6 9 3 1399
0 ? 9 3 6

19 9 9 3 75

426

932
122
539

61
477

?34 15 3 3 77 14

343 17 3 3 619 468
163 199 3 3 33 39
244 19 3 3 604 598

440 -3 10 3 33 35

47 -2 10 3 21 1
9115 -1 10 3 147 14

97 0 10 3 250 299

220 1 10 3 53 67
0 2 10 3 9 3

3 3 10 3 -11 2
23 4 10 3 83 59

54 5 10 3 -5 3
599 6 10 3 394 370

90 ? 10 3 234 250
34 99 10 3 8 13

19 9 10 3 12 21

23 10 10 3 21 4
125 11 10 3 31 24

1 12 10 3 31 4

19 13 10 3 , 12

'I _: 10 3 2o 111 3 ?o 58
1 -99 11 3 -30 3

17 -7 11 3 85 15

36 -6 11 3 35 15

124 -5 11 3 3 14
18 -4 11 3 35 0

15 -3 11 3 41 22
2 -2 11 3 6 1

165 -1 11 3 106 31
133 0 11 3 15 14

55 1 11 3 -7 1
119 2 11 3 -3 1
138 3 11 3 21 9

: 411 I o 2I 5 11 -32 6

51 6 11 3 6 0
404 ? 11 3 -32 ?

128 8 11 3 36 13

242 9 11 3 -16 o
290 -7 12 3 -53 5

0 -6 12 3 -49 31

31 -5 12 3 59 10
? -4 12 3 30 6

158 :_12_ -20 13139 12 107 15

21 -1 12 3 03 29
51 2 12 3 60 ?
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Table B.3, continued

H K L Oime Cal© H K L I(_,l Calc H 1K L Ok_ Calc H K L 04,0 C41c H K L Ob8 C81c

..................................................

21 4 3 22 10 0 4 3 1182 10?1 -10 0 3 28 0 1) 3 3 1? 3 12 3 200 S

2 1 8 3 920 965 -17 0 3 43

12 2 4 3 1164 1229 -16 $ 3 6

20 ) S 3 30 28 -13 8 3 97

24 4 8 3 3821 3634 -14 8 3 76

2 b 8 3 2121 2170 -13 0 2 488

-22 5 3 17

-21 3 3 9

-20 S 3 3

-10 0 3 19

-10 S 3 23

-17 S 3 32 32 4 4 3 33 45 -12 8 3 59

-14 3 3 39 ?9 7 4 3 377 340 -11 8 3 207

-15 3 3 275 303 0 4 2 $8 44 -10 4 3 43

-14 3 3 204 214 9 4 3 31 34 -8 8 3 38

-13 4 3 309 142 10 4 3 448 441 -0 8 3 105

-12 3 3 ?22 728 11 8 3 117 113 -? 8 3 403

-31 3 3 18 4 12 4 3 234 220 -4 0 3 143

-10 S 3 145 142 13 8 3 174 146 -S 0 3 i

-9 5 3 428 388 14 $ 3 149 173 -8 2 3 304

-0 5 3 28 8 13 4 3 11 8 -3 0 3 22

-7 5 3 23 12 14 4 3 146 154 -2 0 3 12

-8 5 3 422 305 17 8 3 23 23 -1 8 3 544

-S b 3 2789 2402 18 4 3 77 86 0 0 3 58

-4 5 3 413 585 10 4 3 61 34 1 0 3 249

-3 3 3 803 742 20 4 3 22 20 2 0 3 1?

10 0 4 741 842 -4 2 4 1002 9?7 15 3 4 70

120 10 $ 3 33

15 11 $ 3 24

116 12 9 3 ?

89 13 $ 3 66

408 14 $ 3 O

49 15 $ 3 -15

28? 14 8 3 47

55 17 9 3 12

57 10 9 3 105

111 -14 10 3 -14

417 -13 10 3 13

187 -12 10 3 44

4 -11 10 3 36

300 -10 10 3 142

25 -9 10 3 26

25 -0 10 3 35

446 -7 20 3 72

47 -4 10 3 140

256 -5 10 3 131

2 -4 10 3 142

70 -? S 8 11

4 12 3 45 18

23 3 12 3 46 0

0 4 12 3 80 4

23 7 12 3 41 29

0 -22 0 4 33 141

1 -20 0 4 2032 2149

9 -18 0 4 2103 2037

13 -16 0 4 1831 •833

4 -14 0 4 3293 ?888

4 -12 0 4 9723 9453

0 10 0 4 10071 10681

75 -8 0 4 4630 5191

8 -8 0 4 3643 10244

209 -4 0 4 12976 14367

17 -2 0 4 490 440

22 0 0 4 2344 23?26

47 2 0 4 7138 7826

103 4 0 4 158 154

134 4 0 4 340 413

42 8 0 4 24320 22032

4 14 4 4 ? 3

342 17 4 4 16 21

-8 1 4 ?36 713 14 2 4 83

-7 1 4 229 222 15 2 4 30

-6 1 4 3?27 3952 16 2 4 252

-3 1 4 1051 1197 17 2 4 243

-4 1 4 39 30 18 2 4 185

-3 1 4 3009 3968 13 2 4 103

-2 1 4 694 700 20 2 4 290

-1 1 4 37 19 21 2 4 124
o 1 4 242 249 22 2 4 35

1 1 4 1578 1687 -22 3 4 46

2 1 4 12354 13410 -21 3 4 42

3 1 4 4300 4247 -20 3 4 15

4 1 4 4039 7254 -19 3 4 38

5 1 4 7683 7622 -18 3 4 23

6 1 4 1120 1077 -1? 3 4 15

7 1 4 6191 588? -16 3 4 65

8 1 4 28 3 -15 3 4 541

3 1 4 84 184 -14 3 4 137

80 -9 4 4 3?22 3773 13 5 4 153

6 ' 4 4 495 494 14 3 4 285
217 -? 4 4 3086 3068 13 5 4 119

262 -6 4 4 641 590 18 5 4 444

21S -5 4 4 1203 1162 17 S 4 113

9S -4 4 4 2834 2995 18 S 4 217

271 -3 4 4 3451 3823 19 S 4 147

147 -2 4 4 1181 1008 20 S 4 42

14 -1 4 4 505 305 21 3 4 41

0 O 4 4 19 8 -21 4 4 190

0 1 4 4 1699 1777 -20 4 4 31

3 2 4 4 22 13 -13 6 4 75

43 3 4 4 7404 7919 -18 6 4 439

35 4 4 4 83 65 -17 6 4 31

5 5 4 4 282 306 -26 4 4 55

64 6 4 4 48 25 -15 4 4 112

534 7 4 4 1339 1414 -14 6 4 31

141 8 4 4 72 89 -13 6 4 187

10 1 4 27 33 -13 3 4 1960 1842 9 4 4 455 454 -12 6 4 159

11 1 4 2176 2230 -12 3 4 38 28 ]0 4 4 64 70 -11 6 4 664

12 1 4 55 74 -11 3 4 13 0 11 4 4 272 310 -10 6 4 123

13 1 4 4839 4785 -10 3 0 33 24 12 4 6 38 25 -9 6 4 386

14 1 4 1511 1436 -9 3 4 985 906 13 4 4 803 764 -8 6 4 34 3 15 ? 4 31 33

15 1 4 375 365 -8 3 4 1784 1752 14 4 4 475 449 -7 6 4 465 504 16 7 4 86 96

16 1 4 51 37 -? 3 4 339 284 15 4 4 13 2 -0 6 4 1934 1750 17 ? 4 37 41

17 1 4 440 469 -4 3 0 1727 1713 10 4 4 -24 1 -5 6 4 589 598 18 ? 4 34 20

18 1 4 114 82 -5 3 4 5054 4726 17 4 4 221 254 -4 6 4 1495 1488 19 ? 4 -30 22

19 1 4 165 182 -4 3 4 1121 902 18 0 4 21 10 -3 6 4 86 ?6 20 7 4 55 8

20 1 4 62 45 -3 3 4 244 207 19 4 4 62 16 -2 6 4 1720 1805 -20 8 4 23 41

21 1 4 107 77 -2 3 4 7 8 20 4 4 49 52 -1 6 4 458 407 -19 4 4 -19 0

-22 2 4 68 61 -1 3 4 1015 995 21 4 4 133 25 0 6 4 28O5 2270 -16 8 0 27 37

-21 2 4 160 146 0 3 4 2000 1848 -22 5 4 17 2 2 6 4 2731 2589 -17 0 4 53 47

-20 2 0 218 248 1 3 4 74 54 -21 5 4 135 2 2 4 4 88 118 -16 8 4 18 42

-13 2 4 20 25 2 3 4 467 535 -20 5 4 -6 0 3 8 4 ?4 79 -15 8 0 44 11

-18 2 4 324 296 3 3 4 584 503 -19 5 4 11 5 4 8 4 57 57 -14 6 4 -11 26
-17 2 4 312 272 4 3 4 18 24 -14 5 4 0 0 5 6 4 1858 1823 -13 8 4 66 38

-16 2 4 205 162 S 3 4 13 8 -17 S 4 19 13 6 S 4 201 198 -12 6 4 320 305
-13 2 4 1611 1588 4 3 4 8065 7679 -16 5 4 168 141 ? 6 4 12 2 -11 6 4 13 65

-14 2 4 840 773 7 3 4 973 980 -15 S 4 127 156 0 6 4 332 334 -10 0 4 24 21

-13 2 4 2131 2101 8 3 4 148 185 -14 5 4 7 23 3 * 4 88 83 -3 6 4 69 9o
-12 2 4 223 151 9 3 4 280 254 -13 5 4 308 283 10 6 4 21 2 -6 8 4 129 134

-11 2 4 807 797 10 3 4 310 287 -12 5 4 386 361 11 6 4 0 12 -7 6 4 180 178

-10 2 4 1347 1328 11 3 4 859 625 -11 5 4 526 519 12 6 4 638 645 -6 4 4 1323 1365

-9 2 4 2292 2361 12 3 4 341 093 -10 b 4 331 284 13 6 4 112 99 -5 • 4 483 4?7

-8 2 4 1984 2064 13 3 4 24 4 .-9 5 4 2056 1843 14 6 4 60 72 -4 0 4 665 444

-7 2 4 2081 2122 14 3 4 201 194 -8 S 4 34 1 1$ 6 4 33 42 -3 8 4 222 223

-2 8 4 626 665 -8 10 4 38 40 5 0 5 031 775 -9 2 5 269 211 15 3 5 871 844

-1 6 4 53 42 -7 10 4 48 72 7 0 5 10517 10460 -8 2 5 3639 3529 14 3 5 35 1

0 8 4 077 491 -6 10 4 443 10 9 0 5 2878 2850 -7 2 5 2976 2725 17 3 5 261 331

1 8 4 25 1 -5 10 4 314 289 11 0 5 1444 1359 -6 2 S 1800 2143 18 3 S 41 41

2 O 4 454 394 -4 10 4 301 365 13 0 5 667 745 -5 2 5 4755 5358 19 3 5 136 152

3 8 4 166 152 -3 10 4 26 7 15 0 5 43 2 -4 2 5 823 077 20 3 5 74 40

8 4 137 116 -2 10 4 122 143 17 0 5 473 419 -3 2 S 310 383 21 3 5 36 18
0 4 178 175 -1 10 4 49 ] 18 0 3 176 135 -2 2 S 25493 24544 -22 4 5 -6 49

6 8 4 60 40 0 10 4 -3 5 21 0 S 34 6 1 2 5 32777 33607 -21 4 5 70 18

7 8 4 4 9 1 20 4 58 42 -22 1 5 81 63 2 2 5 800 984 -20 4 b 174 198

8 8 4 -7 1 1 10 4 23 16 -21 1 5 43 0 3 2 5 608 460 -18 4 5 46 88

9 8 4 317 308 3 •0 4 31 6 -20 1 S 104 120 4 2 5 2343 2367 -18 4 5 335 3 2?
10 8 4 24 10 4 10 4 61 46 -19 1 b ? 3 5 2 b 1490 1444 -17 4 5 177 173

11 8 4 62 2 5 10 4 126 141 -18 1 5 256 305 E 2 5 714 719 -16 4 3 326 204

12 8 4 0 4 6 10 4 17 37 -17 1 5 32 2 7 2 5 2130 2262 -15 4 5 1 3

13 8 4 40 64 7 10 4 60 70 -16 1 5 88 104 8 2 5 587 568 -14 4 5 742 459

115 -8 ? 4 126 103

152 -? ? 4 313 301

278 -6 7 4 100 103

100 -S 7 4 341 353

481 -4 ? 4 113 123

84 -3 7 4 445 452

277 -2 7 4 61 72

91 -1 7 4 501 478

105 0 7 4 109 124

35 1 7 4 433 425

17 2 7 4 2 2

4 3 7 4 274 279

60 4 7 4 2 0

408 5 7 4 28 16
95 0 ? 4 14 5

37 ? ? 4 213 239

04 8 7 4 260 236

22 g 7 4 73 51

164 10 7 4 57 30

158 11 7 4 45 41

668 12 7 4 212 202

131 13 7 4 420 396

373 14 7 4 52 36

12 0 4 2457 2474 -S 2 4 543 440 14 3 4 1054 1095 -4 S 4 288

14 0 4 120 84 -4 2 4 5359 4046 17 3 4 -11 35 -3 4 4 1824 1828 18 4 4 5 8

14 0 4 445 480 -3 2 4 14043 14580 10 3 4 285 353 -4 3 4 508 458 19 4 4 141 146

10 0 4 103 118 -2 2 4 34198 36752 19 3 4 30 4 -3 4 4 230 186 20 4 4 4 9

20 0 4 367 325 -1 2 4 3134 3427 20 3 4 305 330 -2 3 4 315 284 21 6 4 37 18

-22 1 4 36 54 0 2 4 28732 30714 21 3 4 -34 1 -1 S 4 ?S 103 -21 7 4 13 •

-21 1 4 43 7 1 2 4 46288 50039 -22 4 4 -87 10 0 S 4 25 22 -20 ? 4 53 27

-20 1 4 1 ? 2 2 4 4154 2541 -21 4 4 232 328 1 5 4 60 64 -19 7 4 -23 0
-19 1 4 4 1 3 2 4 1316 1379 -20 4 4 -7 7 2 S 4 402 345 -38 7 4 -36 1

-14 1 4 24 9 4 2 4 878 924 -18 4 4 537 510 3 S 4 1715 1628 -17 ? 4 33 12

-17 1 4 28 13 5 2 4 3461 3529 -18 4 4 -1 0 4 S 4 3472 3433 -16 7 4 105 83

-16 1 4 723 746 6 2 4 8580 8443 -17 4 4 1147 1099 5 5 4 340 331 -15 7 4 37 13

-15 1 4 64 43 ? 2 4 420 509 -16 4 4 -1 1 6 S 4 345 300 -14 7 4 24 14

-14 1 4 128 86 8 2 4 492 403 -15 4 4 484 478 7 S 4 11 3 -13 7 4 26 6

-13 1 4 1448 1368 9 2 4 351 328 -14 4 4 37 10 8 S 4 3616 3478 -12 7 4 116 14 4
-12 1 4 15 18 10 2 4 2250 2106 -13 4 4 2166 2110 9 S 4 370 312 -11 ? 4 55 53

-11 1 4 201 203 21 2 4 285 290 -12 4 4 124 136 10 b 4 1043 981 -10 7 4 35 36

-10 1 4 44 15 12 2 8 1294 1078 -11 4 4 1785 1725 11 S 4 1636 1594 -9 ? 4 418 343

-9 1 4 382 358 13 2 4 1466 1445 -10 4 4 32 39 12 5 4 145
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Table B.3, continued

H K L Obe Ca1© H g L Ct_ talc H K L Obe "1c H K L ON Calc H K L Obs Ca1¢

..................................................

14 4 4 35 14 • 10 4 4 4 -1$ 1 5 1120 1129 9 2 3 844 2004 -13 4 S 451 433

18 I 4 14 27 $ 10 4 30 7 -14 1 5 6406 8074 10 2 3 1003 1069 -12 4 5 3748 3600

18 8 4 94 •? 10 10 4 35

17 8 4 -24 1 11 10 4 -11

15 I 4 -1• 3 12 10 4 9

19 4 4 51 86 13 10 • 26

-18 9 4 38 • -9 11 • *$6

-17 9 4 -22 S -8 11 • -38

-16 9 4 13 5 *7 11 4 -20

-13 9 4 19 2 -4 11 4 140

-14 8 4 24 0 -8 11 4 100

-13 9 4 236 262 -4 11 4 14

-12 9 4 97 112 -3 11 4 3

-11 g 4 1• I -2 11 4 6

-10 9 4 32 6 -1 11 4 49

-9 9 4 143 134 0 11 4 305

-0 9 4 81 217 1 11 4 19

-7 9 4 32 81 2 11 4 90

-g 9 • 22 99 3 11 4 18

-3 9 4 62 63 4 11 4 81

-4 9 4 -13 18 5 11 4 5

-3 8 4 28 12 • 11 4 9•

-2 9 4 24 29 ? 11 4 99

-1 9 4 4? 128 • 11 4 6

0 3 4 420 405 9 11 4 116

1 9 4 5 34 -7 12 4 -•9

2 9 4 234 204 -6 12 4 33

3 9 4 122 12? -5 12 4 136

4 $ 4 147 143 -4 12 4 0

8 9 4 23 25 -3 12 4 -52

g 3 4 241 226 -2 12 4 65

7 9 4 36 13 -1 12 4 08

8 9 4 •6 68 3 12 4 -3

8 9 4 34 16 4 12 4 133

10 9 4 187 152 5 12 4 -10

11 9 4 44 10 6 12 4 -69

12 9 4 42 45 7 12 4 -55

13 9 4 6 O -21 0 3 281

14 9 4 62 107 -19 0 5 206

15 , 4 75 1 -17 _ SS 731
16 9 4 45 1 -15 481

4 -13 1 8 770 762 11 2 3 427 428 -11 4 3 95

4 -12 1 8 1132 1087 22 2 8 1625 1834 -10 4 5 1004

2 "11 1 8 10 16 13 2 S 827

0 -10 1 3 8321 ]241 14 2 5 112

19 -9 1 5 42 43 13 2 6 30

32 -0 2 6 448 347 18 2 6 -28

• -7 2 8 42•1 41•• 17 2 5 92

44 -t 1 S 4271 4104 20 2 5 70

2 -S 2 8 $011 6471 10 2 $ 140

3 -4 1 3 4880 7069 20 2 3 32

0 -3 1 3 3007 2030 21 2 S -9

22 -2 1 5 22684 24804 -22 3 3 2•0

12 -1 1 S 356 383 -21 3 5 98

300 0 1 5 42032 4$46• -20 3 3 29

0 1 1 5 31 34 -19 3 S 248

47 2 1 S 10391 11128 -10 3 S 0

4 3 1 8 1831 1504 -17 $ 8 704

4 1 5 7512 7613 -16 3 3 -2
1 3 1 8 •972 8071 -28 0 S 20

73 • 1 6 _D06 0783 -14 3 S 49

0 ? 1 3 112 34 -13 3 S 238

13 0 1 8 3032 2010 -12 3 8 373

13 9 1 8 501 388 -11 3 5 4?8

64 10 1 S 1773 1821 -10 3 3 164

72

892

500 -9 4 8 455 390

97 -I 4 6 2685 2800

47 -? 4 3 1446 1434

1 -• 4 3 1795 1765

86 -8 4 5 217 231

59 -4 4 5 3603 3636

294 -3 4 S 1782 1603

27 -2 4 3 1749 1588

15 -1 4 S 29? •

• 1 0 • 6 4634 4851

82 1 4 3 75•9 7610

8 2 4 5 36 8

237 3 4 S 351 324

2 4 4 8 773 820

716 5 4 S 568 S27

4 6 4 S 328 342

2 ? 4 3 864 484

73 O 4 5 181 214

256 9 4 3 289 236

853 10 4 S 797 795

300 11 4 5 1938 1921

168 12 4 5 226? 2096

34 11 2 3 28 40 -9 3 S 1504 1628 13 4 S 20 2

2 12 1 3 1145 1149 -8 3 3 284 222 14 4 S 264 261

19 13 1 S 117 74 -7 3 5 5656 5787 15 4 5 100 109

20 14 1 S 1018 798 -8 3 5 363 356 16 4 5 186 179

• 6 13 2 3 1S07 1713 -5 3 5 1780 1671 17 4 S -2 1

• 0 16 1 S 574 828 -4 3 S 439 413 19 4 8 179 170

1 17 1 8 2i 24 -3 3 5 4 8 19 4 8 17 36

61 18 1 8 321 378 -2 3 S 249 252 20 4 5 149 60

0 19 1 S 9 00 -1 3 S 547 773 21 4 S . -1 2

0 20 1 5 465 474 0 3 5 2233 2320 -21 5 5 90 3

1 21 1 S 18 3 1 3 5 3038 3242 -20 S 5 -10 2

173 -22 2 5 228 229 2 3 S 130 125 -19 6 5 273 302

161 -21 2 5 305 370 3 3 5 •890 4894 -15 5 5 -9 15

8532o 2 5 .63 80, 4 3 5 7, . 1, 5 5 55 57
515 -19 2 5 237 241 5 3 5 3759 3628 -16 5 S 25 3

17 9 4 28 3 -13 0 5 6525 6415 -18 2 5 352 355 6 3 5 519 519 -15 5 5 44) 422

19 9 4 64 88 -11 0 S 2362 2211 -17 _ S 3?6 301 7 _ 5 1095 3199 -14 S 5 44 32

-15 10 4 124 113 -9 0 1 6716 1000 -16 S 249 229 : 5 30 16 -13 _ S 14 6
-14 10 4 80 69 -? 0 902? 10002 -15 2 S 161 141 3 S 1851 2012 -12 S 193 166

-1310 , 200 223 -5 0 _ 3001 2834-1, : 5 .1 912 10 : 5 35 28 -11 _ 5 211 168
-12 10 4 24 4 -3 0 35034 41237 -13 S 719 632 11 S 24?2 2201 -10 $ 55 24

246

-11 10 4 35 15 -1 0 5 4,36 5053 -12 I _ 424? 3,26 12 3 5 244 199 -9 5 _ 2,2

-10 10 4 38 44 _ 0 5 610 486 -11 406 410 13 _ 5 668 652 -4 5 1069 1079

-9 10 4 11 _ 0 5 582 441 -10 2 S 40?9 4022 14 S 20 4 -? S 5 11 3-5 5 5 55 3 17 6 S 44 38 0 8 S SO 54 -5 10 5 4 15 16 0 6 333 355

-5 5 5 504 529 15 6 5 38 26 1 8 5 331 348 -4 10 5 93 60 18 0 6 4 40

-4 5 5 2?08 2629 19 6 5 6 3 2 9 5 91 97 -3 10 5 12 19 20 0 6 -14 30

-3 5 _ 4364 4114 20 _ 5 : 52 3 8 I 382 40_ -2 10 _ 0 1 -22 1 6 -22 :-2 5 139 105 -21 5 -3 4 8 10 -1 10 156 169 -21 1 6

-1 5 S 421 431 -20 ? S 19 3 5 8 5 363 369 0 10 5 6 13 -20 1 6 41 35

0 5 5 10 3 -18 ? 5 5 32 6 8 5 182 168 1 10 5 6 33 -19 1 6 66 21

1 5 5 86 110 -19 ? 5 -16 3 ? 8 5 999 846 2 10 5 25 5 -18 1 6 56 64

2 5 5 1035 958 -17 7 5 36 2 5 5 5 285 257 3 10 5 36 19 -17 1 6 103 83

3 5 5 608 6?8 -16 ? S 10 _ 9 : S 162 143 _ 10 S 112 125 -16 1 6 23 26

4 _ 5 1256 1183 -IS ? 5 137 9 10 S 195 194 10 5 -37 3 -15 1 6 10 16
S S 444 521 -14 ? S 305 343 11 8 S 27_ 275 _ 10 5 91 92 -14 1 6 3005 3127
6 5 5 85 83 -13 ? 5 25 45 12 8 5 24 10 S 109 128 -13 1 6 1594 1520

? 5 5 2522 2346 -12 ? 5 -10 3 13 4 5 87 55 • 10 5 5 4 -12 1 6 29 15

8 5 S 1121 976 -11 ? 5 143 137 14 $ S 57

9 5 5 721 ?88 -10 ? 5 432 377 15 8 5 104

10 5 5 32 6 -9 ? 5 28 26 16 8 5 22

11 5 5 2066 2026 -4 ? 5 12 10 17 8 5 33

12 5 5 •98 924 -? ? 5 142 149 18 4 5 39

13 5 5 103 122 -6 ? 5 122 106 19 8 5 94

14 5 5 252 2?0 -5 ? 5 175 180 -18 9 5 3?

15 5 5 ?08 ?5? -4 ? 5 44 33 -1, 9 S 49

16 5 5 24 4 -3 ? 5 405 406 -16 9 5 -6

17 5 3 299 312 -2 ? 3 53 42 -13 9 5 30

18 5 S 5 1 -1 ? 5 22 12 -14 9 5 47

19 5 $ 239 168 0 ? 5 204 207 -13 9 5 66

20 5 5 ?0 21 1 ? 5 335 355 -12 9 5 28

21 5 5 99 ?5 2 ? 5 818 755 -11 9 5 36

-21 6 3 96 5 3 ? 5 0 1 -10 9 3 90

-20 • 5 20 40 4 , 5 2352 2320 -9 9 5 6

-19 6 5 173 181 5 ? 5 232 250 -8 9 5 13

-19 6 5 14 32 6 ? 5 245 246 -? 9 5 170

-17 6 5 388 431 ? ? 5 225 224 -6 9 5 75

-is 6 s 51 4? . ? 5 239 23? -5 9 5 79
-15 6 5 263 178 9 7 5 35 34 -4 8 5 365

-14 6 5 301 272 10 ? 5 505 130 .-3 9 5 10

-13 6 S 8ll 582 11 ? S 172

-12 6 5 09 ?0 12 7 5 111

-11 6 5 402 395 13 7 5 11

-10 6 5 158 164 14 ? 5 212

-9 6 5 600 633 15 1 5 13

-8 5 5 1011 1034 16 7 5 18

-? 6 S 372 654 17 ? 5 38

-8 6 5 1167 1191 19 ? 5 -21

-5 6 5 1985 2104 19 ? 5 36

-4 6 5 100 124 20 ? S 45

-3 6 5 2 5 -20 8 5 50

-2 6 S 19 22 -19 ' 5 5

-1 65 569 ,17 -18 8 5 2

o 6 5 6?' ?26 -17 8 5 -18

1 6 5 248 30? -16 9 5 69

2 6 5 557 486 -15 5 5 65

3 6 5 2 ? -14 8 5 ??

153 -2 9 3 15?

83 -1 9 5 199

6 0 9 5 216

205 1 9 5 143

0 2 9 5 51

10 3 9 S 102

1 4 9 5 352

31 5 9 S 11

1 6 9 5 63

5 ? 9 5 137

5 5 9 5 76

33 9 9 5 51
7 10 9 5 172

13 11 9 S 2?

46 12 9 S 131

5? 13 9 5 26

64 14 9 5 49

30 9 10 5 2? 18 -31 1 6 236 247

85 10 10 5 -4 ? -10 1 6 19_ 234

46 11 10 5 33 25 -9 1 6 346 189

22 12 10 5 2 6 -0 1 6 3869 3155

3 13 10 3 47 2 -? 1 6 90 108

63 -9 11 S -45 28 -6 1 6 51 3?

0 -9 11 b 24 ? -5 1 • 266 387

-7 11 5 6 5 -4 1 6 283 389
-S 11 5 135 49 -3 1 6 6022 6466

? -5 11 S 89 16 -2 1 6 28 13

8 -4 21 5 78 64 -1 1 6 13953 14611

63 -3 21 5 11 5 0 1 6 10256 10813

3? -2 11 5 17 1 1 1 6 6283 8644

46 -1 11 S 42 2 2 1 6 27?1 2570

103 0 11 5 23 ? 3 1 6 21171 22011

1 11 5 136 70 4 ] 6 3? 401 2 11 5 72 61 $ 1 6 10365 11387

158 3 11 5 43 2 6 1 6 14100 13461

30 4 11 5 -35 2 ? 1 6 8815 0456

?8 5 11 S -50 0 8 1 6 35 6

354 6 11 5 15 4 9 1 6 474 628

61 7 11 5 405 ?2 10 1 6 455 435

130 9 11 5 41 9 11 1 6 391 356

176 9 11 5 31 9 12 1 5 134 91

22? -? 12 5 -73 31 13 1 6 1655 1554

162 -6 12 S 177 6 14 1 6 1591 1435

32 -5 12 5 6 1 15 1 6 119 58

166 -4 12 3 110 4 16 1 6 517 564

3?3 -3 12 5 66 1 17 1 6 6?? ?43

14 -2 12 5 134 21 18 1 6 55 40

40 5 12 5 217 0 19 I 6 369 339

123 6 12 5 68 10 20 1 6 11 75

?7 ? 12 S 141 51 21 1 6 162 132

35 -22 0 6 177 192 -22 2 6 43 79

118 -20 0 6 1441 1427 -21 2 6 338 350

1 -18 0 6 1473 1240 -20 2 6 454 484

129 -16 0 6 31 25 -19 2 6 294 286

3? -14 0 6 1451 1298 -18 2 6 444 441

40 -12 0 6 323? 3381 -1' 2 6 1098 1065
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Table B.30 continued

H K L _ ¢41c H K L Ohm ¢a1¢ H X L Ci_ C-a5c H K L CI_ Ca1¢ H K L abe Calc

4 6 5 283 176 _13 8 5 ?1 83 15 • 63 14 _0 6 I45 983 _16 2 • 452 80•
5 6 5 832 5•5 _12 8 5 0 1 16 8 5 68 35 _8 O 6 7442 ?526 _15 2 • 29? 500

6 6 5 255 1?5 _11 $ 5 628 _8• _? 8 5 2 1 _6 O 6 142• 1216 _14 2 6 284? 1?•0
7 6 5 1•75 1868 *10 8 5 30? 510 -15 10 5 58 17 _8 0 6 • 16 _1_ 2 6 31158 3802

0 _ 5 350 _26 _9 8 5 •6 ?• _14 20 5 12• •2 -2 0 6 10266 10?85 _12 2 6 1_6G 131_
• 6 i _9 1_ °8 8 5 263 1_8 _1_ 10 _ _13 1 0 0 6 63 65 _1 2 6 32_8 _116

10 6 0 $3 _4 °7 8 5 218 2_2 _12 10 5 216 _0_ 2 0 6 18565 1524_ -10 2 6 541 58?
11 4 S 801 722 -6 8 S 304
12 6 S 1 4 -S 8 S 405

13 0 5 768 183 -4 0 S 5
24 6 5 142 141 -3 8 5 ?

25 6 8 22 6 -2 6 5 88
16 6 5 120 136 -1 8 5 4?4
-3 2 6 2623 2604 19 3 6 68

-2 2 6 1407 1802 20 3 8 601

-1 2 6 423 412 21 3 6 28
0 2 6 10901 11335 -22 8 6 -71

1 2 6 16480 17007 -21 4 6 132
2 2 6 210 223 -20 4 6 104

3 2 6 733 715 -19 4 6 351
4 2 6 2453 3486 -18 4 8 13

5 2 6 126 125 -17 4 6 690
6 2 6 3173 3060 -16 4 6 -8

? 2 6 146 07 -15 4 6 223
6 2 6 32 44 -18 4 6 313

80 -11 10 5 32 9819 10287 -9 3 6 2874 2756.6 .10, 0 4: : : : ,010 .22 • 3 , ,218 2086
? -9 10 5 33 6 8 0 8 2704 2410 -7 2 6 7116 6792
5 -8 10 5 185 126 20 0 6 •43 615 -6 3 6 41 16

81 -7 10 5 63 66 12 0 6 24
4S1 -i 20 S 268 285 14 0 6 56

63 -3 S 6 ?3 48 -21 7 6 i
446 -2 5 8 2844 2771 -20 ? 6 -1

S -1 b 6 190 191 -19 ? 6 69
3 0 5 6 255 311 -13 ? 6 28

140 1 S 6 1389 1308 -17 ? 6 44

69 3 S 6 184 219 -16 7 6 58
036 3 b 6 1314 1429 -15 7 6 62

0 4 5 6 733 ?30 -14 7 6 $•
?05 4 5 6 215 220 -13 7 6 87

4 6 5 6 687 858 -12 ? 6 28

183 ? 5 6 211 181 -11 ? 6 130
236 ° 5 6 1609 1717 -10 7 6 4

2 -5 2 6 666 691
12 -4 2 6 3313 3579

2 4 8 6 42 37

2 S 6 6 1142 1097

78 6 ° 6 78? ?73
33 7 0 6 6 ?

° 8 ° 6 176 158
68 • • 6 265 265

94 10 • 6 26 6
38 11 ° 6 64 73

• S 12 6 6 22 4
24 13 • 6 14 3

77 14 ° 6 35 18
7 15 ° 6 • 3 2

8 3 6 1081 1125 -13 4 6 1229 1251 $ S 6 1928 2918 -• ? 6
10 2 6 178 307 -12 4 6 364 332 30 S 6 067 842 -8 7 6

11 2 6 5
12 2 6 578

13 2 6 462
14 2 6 220
15 3 6 ?87

16 2 6 216
17 3 6 10

18 2 6 117
19 2 6 33
20 2 6 40

21 2 6 108

-22 3 6 158
-21 3 6 81

68 98 16 8 6 41
88 3? 17 I 6 17

1 -11 4 6 224 206 11 8 8 34 7 -7 7 6 Sl 47 16 ° 6 9

620 -10 4 6 13 3 12 5 6 s4 52 -6 7 6 165 137 19 t 6 75
835 -9 4 6 927 885 13 5 6 1075 1072 -5 ? 8 811 768 -18 9 6 90

250 -8 4 6 141 161 14 5 6 28 3 -4 7 6 178 112 -17 • 6 26
052 -7 4 6 396 424 15 5 6 4• 1 -3 7 8 783 74? -16 • 6 38

176 -6 4 6 514 386 16 S 8 44 65 -2 ? S 21 4 -15 • 6 72

33 5 4 6 1880 1.1 17 s , 54 94 -1 7 8 213 173 -14 , 6 8
138 -4 4 6 233 173 18 S 8 8 12 0 ? 6 SO 61 -13 9 6 "3

25 -3 4 6 3950 4063 19 S 8 30 41 1 7 6 454 370 -12 • 6 5
28 -2 4 6 ?91 761 20 S 6 50 38 2 ? 8 5 1 -11 9 6 60

8 -1 4 6 7030 6953 -21 6 6 197 28 3 ? 8 844 854 -10 • 6 32

4? 0 4 6 6052 8236 -20 6 6 5 6 4 ? 6 -? 1 -• • 6 44
26 1 4 6 2?26 3384 -19 6 6 30 11 S ? 8 105 ?3 -8 • 5 °

-1 0 -? • $ 38

33
o

1

o

1o

30
s

96

20
22

ltO
20-20 3 6 56

-19 3 6 38

-18 3 6 33
-17 3 6 29 0 5 4 6 617

-18 3 6 694 632 6 4 6 520
-15 3 6 20 30 7 4 6 347

-14 3 6 974 1011 $ 4 6 24
-13 3 6 99? 990 9 4 6 44?

-12 3 6 1600 1684 10 4 6 100
11 3 6 250 260 11 4 6 129

10 3 6 1658 1674 12 4 6 64

-9 3 6 50 49 15 4 6 651
8 3 6 903 941 14 4 6 21
-? 3 6 332 277 15 4 6 39

-6 3 6 9010 864? 16 4 6 134
5 3 8 05 61 17 4 6 22
-4 3 6 3023 29?4 18 4 6 84

-3 3 8 1421 1529 19 4 6 15
-2 3 8 5397 5974 20 4 6 45

-1 3 6 1099 1237 21 4 6 55
0 3 6 10124 9786 -22 5 6 -38

1 3 8 2367 2148 -21 5 6 141
2 3 6 5694 6592 -20 S 6 82

3 3 8 ? 8 -18 5 6 36
4 3 6 1660 1834 -19 S 6 144

S 3 8 490 427 -17 S 6 199
6 3 8 892 876 -16 5 6 200

? 3 6 1729 1673 -15 5 6 42
8 3 6 3506 3515 -14 S 6 157

0 3 6 1089 957 -13 5 6 79
10 3 6 1831 1762 -12 5 6 209

11 3 6 68 6 -11 5 8 267
12 3 6 1926 1008 -10 5 6 855

13 3 6 544 578 9 5 4 233
14 3 6 2352 2230 -8 3 6 265

79 2 4 6 15 2 -18 6 6 351
30 3 4 8 360 260 -17 6 6 30

6 4 4 6 3895 5559 -16 6 6 252
664 -15 6 6 28

618 -14 6 6 259
33? -13 6 6 3

5 -12 6 6 288
368 -11 6 6 -1

117 -10 6 6 577
137 -9 6 6 149

56 -8 6 6 283
614 -? 6 6 686

17 6 369

76 -4 6 6 25
7 -3 6 • 54

127 -2 6 6 17

6 -1 8 6 52
1 0 6 6 59

1 6 6 1262 2 6 6 21

61 3 6 6 883
88 4 8 6 98

$1 5 6 6 587

112 6 6 6 8
s197 ? 6 6 6

215 : 6 _ 4224 6 128
116 10 6 6 797

66 11 6 6 36

192 12 6 6 291
236 13 6 6 20
791 14 8 8 -1

204 15 6 6 40

223 16 6 6 30

15 3 6 121 98 -7 S 6 433 343 17 6 6 38
16 3 6 770 798 -9 S 6 1718 1693 19 8 6 16

17 3 6 65 61 -5 5 6 439 444 19 6 6 4
819 3 6 999 775 -4 5 6 ?00 730 20 8 6 -1

-_ 10 610 6 4_

1 10 6 90

2 10" 6 82
3 10 6 8

4 10 6 -27
5 10 8 37

6 10 6 0
7 10 8 6

9 10 8 54
9 10 6 9

10 10 6 23
11 10 6 13
12 10 6 34

13 10 6 -34
-9 11 6 -1?

-8 11 6 11
-7 11 6 20

-6 11 6 -19
-5 11 6 12

-4 11 6 13
-3 11 6 9

-2 11 6 7
-1 11 6 -24

345 6 ? 6
38 ? ? 6 252 286 -6 • 6 164 137

257 8 7 6 589 578 -5 • 6 43 18
3 9 ? 9 52 41 -4 9 6 185 180

278 10 ? 4 128 131 -3 9 6 15 0
1 11 7 8 1280 1198 -2 • • 393 408

304 12 ? 9 45 77 -1 • 6 737 724
1 13 ? 6 158 150 0 9 6 331 174

550 14 ? 9 57 60 1 t) ' 6 5";8 481

119 15 ? 6 378 426 2 9 6 59 28

341 14 ? 6 53 35 3 9 6 114 118
627 17 ? 6 338 362 4 9 8 49 67

629 10 ? 6 74 20 5 9 6 46 42
381 19 7 6 159 200 6 9 6 132 112

18 20 ? 6 22 18 7 9 8 54 28

40 -20 ' ' 23 11 . , ' 15 O
32 -19 8 ' ' 0 ' 9 ' 29 3 2

59 18 8 6 42 92 10 • 6 12 8
33 -17 8 6 34 12 11 9 6 42 1

116 -16 8 6 8? 37 12 9 6 25 2
20 15 8 6 24 49 13 9 6 36 8

605 14 8 6 316 288 14 9 6 3( 15
99 -13 ' 6 85 73 l• 9 6 1 3

542 12 5 6 2.8 293 16 9 ' -9 16

4 -11 . 6 38 31 17 8 ' 30 3
8 181 lo 6 ?4 64 -15 lO , 31

41 -9 8 6 0 4 -14 10 8 19 41

130 -8 8 6 35 20 -13 10 6 -5 1
814 -7 8 6 145 145 -12 10 8 -1 7

11 -6 8 6 197 199 -11 10 6 22 8
333 -5 8 6 2 8 -10 10 8 2 0

1 -4 8 6 23 31 -9 10 6 -14 0
0 -3 6 6 71 98 -8 10 6 30 63

57 2 8 6 5 1 -7 10 6 51 ?
25 1 6 6 10 8 6 10 6 19 11

32 0 tO 6 58 51 -5 10 6 234 213
13 1 8 6 50 44 -4 10 6 118 35

13 2 ' 6 166 156 -3 10 6 136 166
2 3 6 6 20 19 -2 10 6 ? 0

494 5 5 ? •64 854

120 -17 4 ? 33 12 6 5 7 21568 -16 ? ?7 57 ? 5 7 2232 226

3-15 4 ? 116 144 8 S 7 ' 2
397 14 4 ? 1026 961 9 5 ? 83 90

1 -13 4 ? 75 75 10 5 ? 1077 1066

373 -12 4 ? 996 865 11 b ? 2570 2429
0 -11 4 ? 487 444 12 5 7 621 631

330 -10 4 ? 182 238 13 5 7 30 17

57 -9 4 ? -6 0 14 b ? 136 190
5 -8 4 7 1923 1767 15 5 ? 905 855

12 -7 4 7 28 18 16 5 7 66 92
105 -6 4 7 1235 1371 17 5 ? 409 320

93 -S 4 ? 543 441 18 5 ? 72 53
25 -4 4 7 3932 4253 19 5 7 52 107

154 3 4 ? 344 371 20 5 ? 3 5

13 -2 4 ? 559 500 -21 4 7 32 39

3 1 4 ? 1054 929 20 6 7 129 76
39 0 4 ? 24283 22?78 19 6 7 119 75

137 1 4 ? 2640 2933 -18 IS 7 40 42

10 -17 6 ? 280 30?
19 -16 6 7 4 8

3 -15 6 ? 77 -')5
197 -14 6 7 35 32

22 -18 I 7 207 242 4 2 7 3515 3309 -18 4 7 466

29 -17 1 ? -3 13 S 2 ? 103
81 -16 1 ? 235 229 8 2 ? 533

47 -15 1 ? 121 89 ? 2 7 14
3 -14 1 7 2451 2174 O 3 7 331

l& -13 1 ? 1771 1603 9 2 7 41
39 -12 I 7 1543 1507 - 10 2 7 364

1 -11 1 ? 66 101 11 2 ? 13
0 -10 1 7 1663 1791 12 2 7 395

49 -9 1 7 52 51 13 2 7 62

0 -8 1 7 1263 1574 14 2 7 4
40 -7 1 7 4103 3596 15 2 7 2 7

-6 1 7 12936 13327 14 2 7 1685 1 7 144 90 17 2 7 64

1 I 7 lO.8 112 18 I ;4 -3 ? 1274 1370 19 13

0 -2 1 7 138 102 20 3 7 -5
3 -1 1 7 1485 1613 21 2 7 74

2 0 1 7 462 454 -22 3 7 213
I 1 1 ? 260 181 -21 3 ? 167

10 2 1 7 1060 894 -20 3 7 9 54 2 4 7 6
6 3 1 ? 3827 3523 -19 3 ? 242 212 3 4 7 16

0 4 1 7 202 231 -19 3 ? -3 1 4 4 ? -3
5 5 1 7 1919 1802 -17 3 7 597 617 5 4 7 227
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Table B.3, continued

H K L 0leo C4k1¢ H K L Obo C41© H K L ON e'_lc H K L Okra CalC H g L Obg Calc

..................................................

0 11 6 73 28 • 1 ? 12951 13174 -10 3 7 01 49 8 4 7 ••33 68•9 -13 4 7 139 138

I 11 8 72 25 7 1 7 3184 3240 -13 3 7 225 220 7 4 7 13 30 -12 • 7 349 307

2 21 8 20 1 8 1 7 38 120 -14 3 7 2422 3399 4 4 7 420 434 -11 4 7 10 •1

3 11 6 15 0 9 1 7 31 44 -12 2 7 804 849 9 4 7 52 62 -10 4 ? 457 493

4 11 8 10 9 10 1 7 4140 4212 -12 3 7 274 257 10 4 7 271 290 -9 8 7 2 8

3 11 4 12 23 11 1 ? 92 97 -11 3 7 510 S05 31 4 7 268 148 -8 6 7 341 374

4 11 4 21 0 22 1 7 3600 3455 -10 3 7 311 258 12 4 7 24• 280 -7 8 7 159 197

7 11 4 -35 18 13 1 7 285 207 -9 3 7 3325 3340 63 4 7 315 307 -8 8 7 143 631

4 11 4 -13 0 34 2 7 1091 1040 -9 3 7 -S 1 14 4 7 19 20 -S 8 7 775 929

-7 12 6 191 29 35 1 ? 137 182 -7 3 7 3716 3176 1S 4 7 47 33 -4 4 7 17 0

-4 12 8 39 0 18 1 7 2907 19i5 -4 3 7 2150 1916 14 4 7 -12 2 -3 4 7 3147 1911

-5 12 • 4 1 37 1 7 145 99 -8 2 7 3244 3142 17 4 7 31 2 -2 8 7 355 404

-4 12 • 77 13 18 1 7 720 ?22 -4 3 7 4811 4575 10 4 7 •| S -1 • 7 744 735

-3 12 • 77 0 19 1 ? 48 29 -3 3 7 10139 10104 19 4 7 7 3 0 4 7 0 3

-2 12 4 149 2 20 1 7 884 509 -2 3 7 6241 4784 20 4 7 39 00 1 • 7 1017 1102

4 12 4 93 2 21 1 7 05 13 -1 3 7 11514 11905 -22 S 7 -80 37 2 • 7 29 24

-21 0 7 797 933 -22 2 7 34 4 0 3 7 41 20 -22 S ? 23 3 3 • ? 925 3124

-19 0 ? 341 379 -21 2 7 225 100 1 3 7 7533 2092 -20 8 ? 91 56 4 • 7 1119 1600

-67 0 7 1027 934 -20 2 7 305 298 2 3 7 912 040 -19 8 7 182 199 8 4 ? 33 18

-15 0 7 53 22 -19 2 7 132 113 3 3 7 991 052 -28 3 ? 17 @ 4 I 7 290 241

-6327 7377 743,-1. : 7 212 248 , 27 35 24-37 , 7 123 14, 7 : 7 939 94,
-11 7 1944 1951 -17 7 220 207 5 7 1974 1_08 -18 0 7 1| 15 e 7 280 275

-9 0 7 4833 4887 -16 2 7 24 9 4 3 7 321 429 -15 5 7 204 691 9 6 7 830 •22

-7 0 7 13212 14309 -15 2 ? 595 355 7 3 7 490 335 -14 3 7 105 103 10 8 7 3 5

:7 3: ._14:7 25 :i:i1404 1244.13: 53451211 i..8 11:_ 7 11 -X3 v 924 80 492 419 -12 34 23 12 431 479

-1 0 7 7907 8333 -12 2 7 311 255 1 3 983 940 -11 S 7 1104 1068 13 494 497

1 0 7 •207 8838 -11 2 7 $99 891 11 3 7 21 ? -10 5 7 59 68 14 4 7 155 658

3 0 7 $?1 512 -10 2 7 1003 1009 12 3 7 280 264 -9 $ 7 2504 2331 15 4 7 -8 15

5 0 7 1621 1713 -9 2 7 130 129 13 3 7 480 515 -8 5 7 1901 1042 16 4 ? 13 2

7 0 7 4?27 4358 -O 2 7 17 23 14 3 7 21 1 -7 5 7 975 1097 17 6 7 -4 0

9 0 7 4 _ -? 2 7 1105 925 15 5 7 442 490 -6 5 7 37 36 15 6 7 27 10
11 0 7 257 26 -6 2 7 8366 8542 16 3 7 30 10 -5 5 7 2151 2106 19 8 7 -9 1

13 0 7 41 10 -5 2 ? 1769 1634 17 1 7 111 67 -4 5 7 15 25 20 5 7 105 7

-4 2 7 116 110 15 3 7 27 41 -3 5 7 1234 1359 -21 7 7 16 1
15 0 7 2 1 1

17 07 11, 133 :: 2 7 1543 1,10 19 27 2,9 229 -2 : 7 543 47520 7 7 _719 0 7 179 72 2 7 121 95 20 7 105 8 -1 7 1973 1965 -19 7 ? -19 0

21 0 ? -82 7 -1 2 7 4038 5730 21 3 ? 2 11 0 b 7 104 141 -18 ? 7 50 50

-22 7 O_ 122 0 : 7 7550 7712 -22 : 7 185 170 1 _ ? 29 _ -17 ? ? 52 3-21 _ ? 1 7 2200 2129 -21 7 -11 1 2 7 234 20 -14 ? 7 28 12
5 13-2o17 307 399 227 1,7 lO5-2o:_ 114 139 :_7 572 414_1577

-19 1 7 _ 13 3 2 7 999 443 -19 226 261 ? 164 146 -14 7 7 209 200
-13 7 7 7 125 12 9 7 36 39 7 10 7 60 15 -| 1 0 1687 1701 14 2 O 75 49

-)2 7 7 110 94 13 8 7 3? 4 2 10 7 85 53 -7 1 8 18316 16886 15 2 I 160 •30

-11 ? ? 55 37 14 9 ? 2 1 8 10 7 -4 12 -6 _ 6 329 417 16 _ 8 49 39

-10 7 7 322 327 15 : 7 40 48 10 10 ? -13 10 -5 8 6737 7127 17 8 74 36_977 ,5, .. 1, 7 2, 13 11107 25 , :_: 2734 2.1 18:: -26 •
-8 7 7 62 49 17 8 7 -19 4 12 10 7 -5 2 10208 10341 19 99 2

-7 7 7 22 3 10 l 7 26 44 -8 11 7 3 $0 -2 1 8 160 174 20 2 O 15 25

-6 7 ? 951 870 19 O 7 05 30 -2 11 7 19 6 -1 1 0 1370 1171 -22 3 8 314 65

-5 7 7 573 710 -10 9 ? -11 28 -7 11 ? -47 19 0 1 8 810 709 -21 3 6 60 1

-4 7 7 1477 1457 -17 9 7 7 13 -6 11 7 -54 1 1 1 8 2029 2178 -20 3 8 295 293

-3 7 7 62 44 -16 9 ? 74 25 -5 11 , 45 34 2 1 8 3101 1231 -19 3 O 55 04

-2 7 7 1949 1895 -15 9 7 42 1 -4 11 7 31 32 3 1 O 1403 1011 -16 3 O 520 575

o 7 7 101 101 -14 9 7 207 192 -3 11 7 19 3 4 1 O 595 1001 -17 3 8 65 22

7 7 1240 1257 -13 9 7 76 54 -2 11 7 -1 0 5 1 8 2831 3043 -16 3 0 1206 1158

1 7 7 74 43 -12 9 7 73 63 -1 11 7 224 215 5 1 O 1253 1200 -15 _ 8 41 37

2 7 7 610 566 -11 9 7 44 35 0 11 7 61 _ 7 1 8 4953 4780 -14 8 53 54
3 ? 7 92 8? -10 9 7 94 109 1 11 7 111 7 6 1 8 406 3?9 -13 3 0 869 043

4 7 T •08 559 -9 9 7 23 17 2 11 7 49 17 9 1 : 094 1052 -12 _ l 1507 1506
5 ? 7 186 178 -6 5 7 14 4 3 11 ? 19 20 10 1 50 18 -11 O 100 •32

6 7 7 141 99 -7 9 7 86 50 _ 11 7 -32 1 11 1 8 395 451 -10 3 O ?32 790
7 7 7 374 401 -5 9 ? 247 250 11 7 47 40 12 • O 286 210 -9 3 0 74 110

O ? ? 400 379 -5 9 7 17 2 6 11 7 44 4 13 1 8 615 541 -0 3 : 754 024

9 7 7 505 510 -4 9 7 -1 1 7 11 7 35 9 15 1 8 630 615 -7 _ 9 O
5 12 -3 9 ? 20 20 8 11 7 108 14 15 1 8 200 149 -6 6 3265 334110 7 ?

117 , 29 25 :: , , 126 154 .7,2 7 , , 1, _ : 208 209-5 2 : 70o 762127 , 103 109 ,, 71 ,5 -,12 7 -62 0 1, ,91 5, -4 3 22 3,0 151, 81 115_33, 2360 2352
137 , 12 52 o, 7 51 43 -512 7 335
14 ' ' -13 1 9 7 130 125 -4 12 7 -43 7 19 _ : 421 352 -2 3 1972 2704
15 ' ? -9 30 2 9 7 138 129 -3 12 7 41 41 20 16 21 -1 3 3508 3259

16 7 ? 36 20 3 9 7 -5 8 -2 12 7 13 1 21 1 5 ?3 30 0 3 : 9027 9465
86 -22 2 O 161 145 1 3 4642 4036

1777 ,4 0 497 13 1-22_: '
18 7 ? 3? 24 5 9 ? 99 00 -20 920 846 -21 2 8 95 145 2 3 8 7433 7752

19 7 7 62 3 • 9 7 38 37 -15 _ : 430 616 -20 2 _ 62 73 a 3 o 6292 1522
20 ? 7 778 51 , 9 7 09 62 -16 353 397 -19 2 201 119 4 3 8 9255 9769

-20 8 7 33 1 6 9 ? 117 151 -14 0 I 06 57 -16 2 8 145 117 5 3 O 135 103

-19 7 35 94 997 19 15 -12 _ ' 947 063-1728 412 379 63: 4208 4246
-18 : 7 74 58 10 9 ? 228 257 -10 ' 634 '13 -16 ' 112 97 7 3 36 9

-17 0 7 70 85 11 9 7 124 124 -0 0 8 15646 15257 -15 2 O 6? 32 0 3 0 2059 2126

-1587 25 , 122? 39 55 ::08 2967 ..-142: 357 343 9_8 236 275
-15 8 7 -4 2 13 7 33 34 0 6 2856 2655 -13 255 207 10 8 4142 3812

45 3 11 3 8 342 348

-14 l 7 21 28 14 9 7 -1 10 -2 0 6 120 132 -12 _ 0

-13 O 7 139 176 15 9 7 -19 _ 0 0 8 339 34? -11 8 599 529 12 3 8 309 285
-12 O ? 17 7 16 9 7 -4 1 2 0 9 8556 8919 -10 2 8 525 576 13 3 8 04 52

-11, , 1, , 17 , 7 92 65 4 0 , 17, 138 :: : : 23 40 14 : : 4022 ,7,_
-10 8 7 32 9 -15 •0 ? 215 3 " 6 0 8 05 78 2859 1801 15 31

-9 5 ? 44 81 -14 10 7 15 48 0 0 9 580 •42 -7 2 8 07 43 16 9 8 423 419

-8 8 7 123 120 -13 10 7 47 0 10 0 8 192 199 -6 2 O 53 5? 17 3 O 107 110

-7 O 7 225 240 -12 10 7 36 5 12 0 8 251 215 -5 2 8 16 2 10 3 6 127 209

57266 2,3_1110710 7160:30 37;:i 631368192i22 52
-5 _ 7 1249 1234 -10 10 7 , 4 16 0 -13 _ - 2908 2424 20 242 93
-4 8 7 98 48 -9 10 7 36 37 18 0 O -26 1 -2 2 7059 8042 -22 4 55

6 ? 95 _ -O 10 ? 34 37 20 0 O 105 30 -1 2 8 7 13 -21 4 8 91 7

:_ 8 7 324 293 -? 10 , 3 2 -22 1 O -2 2 0 2 8 05, 774 -20 4 8 85 74

-1 9 7 361 413 -6 10 7 199 20? -21 1 5 183 129 1 2 8 111 96 -19 4 8 90 77

0 7 22 23 -5 10 7 7? 7? -20 1 O 49 34 2 2 O 321 261 -15 4 8 33 77

1 : 7 -6 1 -4 10 7 72 58 -19 1 O 202 195 3 2 6 803 850 -17 4 § 84 69

2 9 7 235 250 -3 10 7 04 100 -le 1 8 90 105 4 2 8 15 5 -16 4 8 -9 2

3 8 7 2 1 -2 10 ? 15 1 -17 1 8 139 1,7 5 2 O 602 601 -15 4 8 8 12
4 6 2 9 1092 1591 -16 4 8 45 76

4 9 7 11 10 -1 10 ? 4 37 -18 1 _ 42
5 0 7 415 413 0 10 7 130 140 -15 1 3293 3160 7 2 8 233 200 -13 4 S 1585 1664

6 8 ? 0 3 I 10 ? 33 34 -14 1 8 1052 1055 8 2 0 167 144 -12 4 8 040 7?5
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Table B.3, continued

H K L ObO Calc H g L Obe Ca1¢ H K L ON Celt H K L Gt_ Cat© H K L Obe talc
.............................................. - _ . -
7 I ? 14 9 2 10 ? 48 70 -13 1 8 1271 1275 S 2 0 20 0 -11 4 $ 128 147

. . ? 828 398 )30 7 6, /8 -12 1 . ,09 ,28 10 2 . -6
9 J ? 10 11 410 7 11 2 -11 1 . 2?32 2704 21 2 $ 450

10 0 ? 23 60 S 10 7 -9 1 -10 1 | 1398 1441 12 2 • 19
11 2 ? 73 79 • 10 7 27 So -9 1 | 14 10 13 2 8 •7

-• 4 8 123 111 18 3 0 270 2•3 0 7 2 420 412 -2_ S • 41
-8 4 B 297 293 19 5 • 16
-4 4 • 311 324 20 8 8 40

-3 4 • 2338 2096 -21 • 2 -32
-2 4 • 733 •41 -20 • 2 3

-1 4 1 •393 ••l• -19 6 • 3
0 4 • 21•3 2038 -10 $ 2 140

1 4 • 26• 273 -17 8 • 13
2 4 • 810 527 -14 • • 58

3 4 • 2•3 217 -15 • 9 54
4 4 | 123 130 -14 i 9 332

$ 4 • 1112 1070 -13 • 9 81
0 4 8 •31 S•O -12 g S 294

? 4 8 771 689 -11 6 • 199
8 4 $ 398 396 -10 • 8 119

9 4 9 • 31 -9 8 • S
10 4 8 169 193 -2 • • 296

11 4 1 122 103 -7 • • 406
12 4 3 90 $4 -6 • • 194

13 4 8 1•8 240 °8 • • 28
14 4 8 3? 23 -4 • • 768

13 4 • 13 14 -3 • 8 21
28 6 • 234 2•0 -2 • 8 143
17 4 • 128 77 -1 6 8 47

10 4 0 103 61 0 6 8 889
18 4 • 28 14 1 • 8 6

20 4 3 -23 0 2 • 8 59
-21 3 8 17 1 3 • 8 20

-20 5 8 31 31 4 6 8 21
-18 3 8 154 145 5 • 0 0
-10 5 8 259 218 6 6 8 27

-17 S • 43 41 ? 6 0 34
-16 S • 234 245 8 6 9 8

-13 S • 143 121 9 6 1 28
-14 $ 8 117 111 10 6 8 358

-13 S 0 19 30 11 6 2 4

-12 $ 9 180 153 12 6 8 318
-11 3 9 660 660 13 6 8 43

-10 S 8 1964 17?1 14 6 8 44
-9 5 8 295? 2920 15 6 0 13

-8 b 8 331 323 16 6 $ 64
-? 3 8 868 ?93 17 & 8 22
-6 S O 459 463 10 6 0 3

-5 5 8 552 608 19 • 8 31

-4 5 8 1936 2054 20 6 8 568
-3 3 0 2264 2351 -21 ? 8 -10
-2 $ 9 1933 1716 -20 ? 6 3

-1 $ 0 309 313 -18 ? 6 ?9
0 5 0 925 905 -18 ? 8 -7

1 S 9 467 466 -17 ? 8 11

20 1 ? • 511 488 -11 9 • 37
68 2 7 8 214 473 -10 9 • 208

0 3 ? 8 2091 909 -9 9 8 122
30 4 ? 8 1014 1086 -9 9 • 81

0 5 7 1 193 152 -? 9 • 98
12 8 ? 2 1 1 -2 9 • 130

18 ? ? • 2233 20?3 -$ 2 9 42
83 8 ? 8 596 •48 -4 9 9 11
28 8 ? • 1082 1809 -9 9 • •0

319 10 7 2 21 0 -2 9 0 06
65 11 7 • 4?4 901 -1 9 9 12

263 12 7 • 12 ? 0 9 • 147
212 13 ? 9 160 129 1 9 0 9•

104 24 7 9 229 165 2 8 9 41
8 13 ? • 154

932 18 ? 9 ?
403 17 ? • -3
205 18 ? 8 35

18 18 ? • 3

713 -20 6 O -20
29 -19 8 9 29

13b -1• • • 12
42 -17 8 8 101

• 09 -16 8 8 -1

11 -15 : : 3133 -14 -10
4 -13 8 8 •6

2, -12: . 82-11 l 23

31 -10 l 0 3
115 -9 l l 92

10 -0 1 1 10

14 _7:: 1,8371 -6 747
15 -S | 2 75

316 -4 5 8 353
40 -3 e 8 83

32 -2 8 O 249

3 -1 8 8 409
35 0 8 8 104

5 1 8 8 58

3 2 8 8 143
47 3 8 8 15

lO 4 0 8 153

167 3 9 O 15

30 4 9 3 225
• 2 S 9 • 19

15 • 9 8 18
• 0 7 9 • 78

30 • 9 • 145
4 9 9 • 45

25 10 9 • 12
111 11 9 8 140

17 12 9 8 4

18 13 9 8 58
2 14 9 8 44

45 15 9 8 23
103 16 9 8 41

0 -14 10 6 -30
2 -13 10 8 45

101 -12 10 8 33
6 -11 10 8 48

125 -10 10 0 -12
?60 -9 10 9 ?•

83 -0 10 O 12
407 -? 10 1 •l

58 -6 10 O 14
232 -5 10 8 64

543 -4 10 8 90
102 -3 10 O 11

42 -2 10 6 ?9
153 -1 10 9 42

0 0 10 • 2
173 1 10 8 34

1 5 8 O 751 ?6? 2 10 • 117
8 6 O 8 462 610 3 10 6 70

23 ? 8 8 6 8 4 10 8 8
11 9 0 0 49 37 $ 10 8 -1
4 9 6 6 ?0 09 6 10 8 -2

2 5 9 1309 1282 -16 ? . 21 31 10 8 , ?
3 S 8 306 32? -11 ? 1 164 152 11 8 O 3?

4 5 ' 1641 1662 -14 ? 8 26 5 12 ' ' -6
$ S . 1136 1233 13 ? . 2/3 280 138 . 17
6 5 8 1302 1385 -12 ? • 30 3 14 e l 8

? 5 8 257 236 -11 ? 8 582 5?0 15 I 8 14
8 5 8 411 395 -10 ? 8 232 251 16 8 0 l _

8 5 • 108 126 -9 "/ 8 -4 2 17 8 8 48

10 5 6 315 273 -O ? 8 539 54? 10 0 0 -5
11 5 • 1407 1442 -7 '7 0 9? ?8 19 8 8 39

12 S 8 1360 1244 -6 7 8 143 124 11_ 9 O 138
13 5 8 410 410 -5 ? 0 318 333 -17 9 8 20

14 S . 580 36. 4 , 0 ,9 60 1' ' ' $8
15 5 9 3 3 -3 ? 0 1?3 166 -1$ 9 8 21
16 5 8 462
17 S 8 1

12 1 9 ??$
13 1 9 24

14 1 9 324
15 1 9 403

16 1 9 847
17 1 8 8o
18 1 8 438

18 1 9 82
20 1 9 243

-22 2 8 123
-21 2 9 152

-20 2 9 419
-19 2 8 ?S

-10 2 8 391
-1'7 2 8 80

-16 2 8 264
-15 2 9 62

509 -2 ? 8 211 220 -14 9 I -1
1 -1 ? 8 55 40 -13 8 l 40 34 1 11 6 -10 0 11 1 9 216

51 51 15 4 9 149 156 -3 6 9 331 359 -18 8 9 35??O -8 3 8

8 -? 3 8 443 455 16 4 9 28 ? -2 6 9 346 348 -17 6 8 -8

274 -6 3 8 093 6?2 17 4 9 2? 50 -1 6 9 18 0 -16 O 3 19
457 -5 3 9 2244 2317 18 4 9 58 0 0 6 9 109 137 -15 8 9 -3

06? -4 3 9 143 154 184 9 143 113 1 , , . 0 -14 . 9 16
86 -3 3 9 11 13 204 3 55 11 2 6 9 591 628 -13 ' 9 22

308 -2 3 8 4$86 4344 -21 5 9 57 40 3 6 9 30 39 -12 O 9 28

64 -1 3 8 1093 1285 -20 5 3 45 55 4 6 9 622 561 -11 8 9 70
301 0 3 9 529 620 -18 3 9 227 226 $ 6 9 51 67 -10 8 8 0

5 1 3 8 2350 26. -18 3 8 236 182 . , , 0 14 -8, 8 38
136 2 3 8 3989 3580 -17 S 9 371 302 ? 9 9 23 29 -8 9 8 ?0

401 3 3 9 5422 6617 -19 3 9 329 290 8 $ 8 101 91 -7 8 8 00
73 4 3 9 78 45 -15 5 9 20 3 9 6 9 508 556 -6 8 8 123

432 5 3 9 302 300 -14 S 9 6? 62 10 6 3 35 39 -5 e 9 565
54 6 3 9 33? 2?0 r13 5 9 1065 1047 11 6 9 352 352 -4 8 9 318

256 7 3 8 2781 2931 -12 $ 8 11 13 12 6 8 S? 4? -3 8 8 41
31 8 3 9 251 253 -11 5 8 20 27 13 6 9 -6 1 -2 l 9 636

421 -10 4 1004 _ 180- 92 95

26 -8 4 9 46 52

S? -? 4 5 164 223
'1 2 11 8 1 50

17 3 11 8 9• 53
188 4 11 l 20 3

07 5 11 8 4"/ 12
55 • 11 8 •0 58

66 ? 11 l 154 20
111 8 11 8 0 83

40 -• 12 8 42 2
0 -5 12 8 33 2

:' :, 1212: 1221° 163
3 -21 0 9 •34 •10

317 -19 0 9 3•3 335
98 -17 0 9 1125 1204

50 -15 0 9 1127 1235

4 -13 0 9 44 4•
234 -11 0 9 9011 222

1 -8 0 9 136o 12o9

2? -7 0 9 40? 351
8,8 -P' 0 9 1434 1490

151 -3 0 9 ?SS 082
41 -1 0 9 ?3 77

1 1 0 8 1868 2363
147 3 0 8 44? 380

8 5 0 8 11583 10991
43 ? 0 8 1240 1085

2 8 0 2 257 176

23 11 0 9 4 18
20 13 0 9 152 163

0 15 0 9 2?? 295
39 1? 0 8 82 11

8 10 0 0 0 1
24 -22 1 8 5 30

0 -21 1 1 3? 1o86 -20 342 345

24 -19 1 9 3? 36
?8 -18 1 8 517 501

2 -17 1 8 32 16
?4 -16 1 8 1183 1031

65 -15 1 9 16 6
22 -14 1 9 5377 4059

?2 -13 1 9 671 •46
19 -12 1 9 422 4?0

3 -11 1 9 392 359
16 -10 1 8 773 808

02 "9 1 9 218 245
63 -O 1 9 1334 1745

18 -7 1 • 2b46 2412
1 -• 1 9 17277 16450

2 5 1 9 90 58
1 ? 10 9 -4 3 -4 1 9 1026 11?9

45 • 10 8 -2 0 -3 1 9 34 46

9 8 10 8 ? 18 -2 1 9 ?409 7016
16 10 10 • -7 0 -1 1 9 1210 1201

12 11 10 O 34 0 0 1 9 4321 4566

31 12 10 6 1 1 11 9 517 483
0 -5 11 ' ?0 60 2 1 9 17496 18801

43 -? 11 • 32 20 3 1 9 93 91

3 -6 11 9 87 9 4 1 9 11862 11579

37 -5 11 8 -11 17 5 1 9 493 522
0 -4 11 O 110 4 6 1 8 28413 20642

14 -3 11 8 0 15 ? 1 8 1093 ?32
1 -2 11 8 53 22 $ 1 8 1817 1743
0 -1 11 5 22 2 9 1 9 310 204

14 0 11 8 192 251 10 ] 0 2500 2449

169
$

2_
28
2g

2
86
12

25
80

83
130

•24

313
3•

63?
-14 2 9 2053 1830 9 3 9 185 152 -10 S 9 1 2 14 6 8 93 64 -1 9 9 393 364
-13 2 9 840 858 10 3 9 09 38 -9 3 9 1642 1435 15 6 9 191 197 0 9 9 260 263

-12 2 9 1926 1828 11 3 9 1004 1025 -8 5 9 815 ?34 16 • 8 50 75 1 O 8 1 3
-11 2 8 178 150 12 3 8 662 605 -? 5 9 457 449 17 6 8 133 151 2 0 9 4 •
-10 2 9 2942 2857 13 3 9 1796 1778 -6 5 9 366 3?3 16 6 9 64 34 3 8 9 96 ?3
8 2 , 16o 161 163 , 65 .1 5 5 • 536 .. 19, , 15 16 , . , 5 2
-8 2 9 ?71 ??9 15 3 8 202 223 -4 5 9 44? 407 -21 ? 9 ? 15 5 8 9 773 454

--? 2 9 453 3?0 36 3 8 109 101 --3 5 9 •42 ?82 --20 ? 9 38 71 6 8 9 38 22
-6 2 8 1878 1703 17 3 8 208 24? -2 5 9 1170 •66 -18 ? 8 58 51 ? O 8 202 294

-5 2 8 786 704 10 3 8 118 ?? -1 5 8 511 591 -18 7 9 41 88 8 O 8 ?5 71
-4 2 9 0300 0302 19 3 8 218 212 0 5 9 424 460 -17 ? 9 -13 3 8 O 8 52 65

-3 2 8 376 290 20 3 8 51 35 1 5 9 1844 1775 -18 ? 9 110 82 10 6 8 25 15
-2 2 9 62 34 -22 4 9 129 61 2 5 9 1246 1237 -15 ? 8 22 35 11 8 0 36 43

-1 2 9 0 3 -21 4 8 -2 0 3 $ 9 1488 1526 -14 ? 8 590 520 12 8 3 31 52
0 2 9 2489 2162 -20 4 9 ?4 31 4 5 9 200 177 -13 ? 8 ?4 103 13 8 9 19 12
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Table B.3, continued

H K L Ot_ Calc 14 K L ON C810 H K L ObU ¢61¢ H g L Oh8 Cal¢ H Z L 0f_ talc

1 ; , 135 ., -. 9 ; ";; ---is ; _ ; .o,s .3, -12 ? ; 35s 355 14 , , 62 93
2 • , 2,, ,54 -,, , , 4., ,,4 , 5 , 6,1 .5 -_1 , , -_ : ,5 : : : 0
3 2 , S5, 827 -17 4 J gl 23 ? 5 , Ill, 19g4 -lO ? $ 642 66 16 1 2

4 2 , 426 417 -16 4 S 34 16 II 5 , 93 94 -9 ? ' -5 6 17 S • 20 17

$ 2 l l? 16 -15 4 , 2t0 211 S , 9 ?0 ll -I ? , 157 145 11 I • -1 0

• 2 S _t3 172 -14 4 ' 1415 1343 10 5 9 ll 113 -7 7 , 226 29t -10 l ' ?3 9

? I , 282? 2512 -13 4 , 471 432 11 3 , 625 SIS -$ 7 9 1110 1047 -17 l 1 11 0

• 2 • 14,4 2211 -12 4 • 474 415 12 3 l 402 444 *5 7 S 37 42 -11 _ _ 65 26
| 2 t 17 28 -11 4 ! 23 ? ],3 5 • 254 242 -4 7 , 101 200 -13 17 3

10 2 • 67 04 010 4 ' 444 423 14 5 l 74 46 -3 7 t 934 976 -14 9 • 26 17

11 2 • 66 l? -, 4 S 14 16 15 $ S 126 131 -2 ? l 461 425 -13 9 , 1 1
16 41

12 2 $ *4 5 -1 4 ' S 7 II $ l S

13 2 • ?l ?l -? 4 ' 420 340 27 $ I -14

24 2 l 430 457 -6 4 ' 34 14 lg 3 ' -10

13 2 ! 39 15 -5 4 l 62 '1 l' $ l 44

16 2 l 154 107 -4 4 ' 1213 1075 20 l 1 4'

l? 2 9 16 ' -3 4 ' 42'1 4227 -21 l 9 -10

10 2 ' 233 200 -2 4 S 1161 1286 -20 i 1 62

l• 2 S -7 3 -I 4 1 203 216 -1' i 1 -14

20 2 ' 30 12 0 4 ' 2903? 26404 -10 i , 21

-22 I , 316 $0 1 4 ' 2156 2264 -17 l ' 154

-21 3 S 217 20$ 2 4 l I184 1742 -14 9 ' 29

-10 3 S 43 3 3 4 , 13, ,3 -15 ' ' 70

-1, 3 , 468 437 4 4 , 10 1 -14 6 , -12

-18 3 , 73 52 S 4 • 303 273 -13 1 9 670

-17 5 , 950 ,77 6 4 , 148 130 -12 1 ! 15

-16 3 S 260 203 7 4 ' 140 111 -11 6 9 120

-15 3 S 46 23 I 4 S -3 , -10 6 9 139

-14 3 S 169 116 9 4 , 112 1$0 -9 6 9 134

-13 3 9 11,3 1123 10 4 , 215 235 -, 6 9 1,2

13 -1 ? 9 690 194 -12 9 ,

1, 0 7 • 24? 137 -11 , , -10 0

3 1 7 9 374 402 -10 9 , 27 20

22 2 7 , 222 213 -1 , , 69 68

20 3 7 l 144 122 -0 • , 176 193

40 4 ? 9 14 22 -? 9 9 ll 32

It $ 7 9 532 561 -6 1 • 231 258

4 6 7 , 5 3 -5 • 9 34 4

0 7 7 l 10 1l -4 l • 200 192

1,4 1 ? | $0 73 -3 1 1 34 27

0 1 ? , 16 10 -2 t l 124 107

5, 10 ? ' 196 148 -1 l l 371 323

1117 , .o ,_ : : : 6,, ,?3753 12 ? 9 11 70 ?0

201 13 ? 1 ll 126 2 , 1 331 335

130 14 ? S -17 S 3 9 9 106 95

150 lS 7 S 2' 9 4 9 ' 20 18

140 16 ? 9 47 2? $ 9 , 273 276

119 l? ? 9 32 4 6 S ' l? 86

-12 3 9 191 176 11 4 ' 236

-11 3 S 2014 1955 12 4 9 412

-10 3 9 S 1 13 4 , 00

-9 3 9 1054 1820 14 4 9 66

11 9 9 13

12 ! 9 15

13 9 • 38

14 9 9 23

1'15 _ 1 2565

-15 10 9 265

-14 10 9 3

-13 10 S 59

-12 10 9 -3

-11 10 • -10

-10 10 • 10

-• 10 9 20

-8 10 S 1

-7 10 9 25

-6 10 9 16

-5 10 9 -4

-4 10 S 15

-3 10 9 172

-2 10 9 17

-1 10 9 50

0 10 9 92

1 10 S 4

10 9 20
10 9 104

10 9 810 9 12

6 10 9 20

7 10 9 24

0 10 9 02

9 10 9 5"/

10 10 • 76

21 10 9 -8

12 10 9 -25

-8 11 9 47

-7 11 9 16

-6 11 9 6

-5 11 9 34

-4 11 9 -17

-3 11 9 -6

-2 11 9 11

-1 11 9 $0

0 11 9 47

1 11 9 0

2 11 9 36

3 11 9 -6

4 11 9 -17

5 11 9 15

6 11 9 -5

7 11 9 16

-: 1211: :::
-5 12 9 23

-4 12 • -26

-22 0 10 180

-20 0 10 456

-18 0 10 90

-16 0 10 -22

-14 0 10 6,

-12 0 10 254

291 -7 t 9 1,67 2045 10 ? 9 01 90 7 9 S 58 37

424 -6 6 t 66 4? 1, ? S -19 3 0 9 , 45 27

41 -$ 6 9 302 359 -20 | • -49 0 9 9 S 135 136

24 -4 6 9 00 53 -19 l 9 24 52 10 9 9 24 6

0 2 0 10 6740 6764 -9 2 10 21 6 14 3 10 1288 1373 -5 5 lO 621 609

42 4 0 10 1262 1074 -8 2 10 13 14 1$ 3 10 12 1 -4 5 10 497 469

2S 6 0 10 293 299 *? 2 10 968 894 16 3 10 11 3? -3 5 10 32 11

1 0 10 3?? 339 -0 2 10 391 350 17 3 10 124 129 -2 5 10 803 827

0 10 0 10 4 3 -5 2 10 164 134 10 3 10 ?4 156 -1 5 10 341 345

012010 55 73 -62101112 10311, 3,0 63 11 0,101409 1,13
6 14 0 10 56? 649 -32 10 1212 1121 20 3 10 170 185 1 5 10 1502 1623

0 16 0 10 194 257 -2 2 10 3618 3431 -22 4 10 -11 13 2 5 10 17 5

1 12 0 10 49 l? -1 1 10 770 71, -21 4 10 120 51 3 5 10 1577 1631

1 20 0 10 156 231 0 2 10 1740 1513 -20 4 10 49 41 4 5 10 183 230

1 -22 1 10 31 12 1 2 10 3674 3507 -lt 4 10 8 3 5 5 10 22 15

0 -21 I 10 151 194 2 2 10 1073 9?4 -10 4 10 46 55 6 5 10 725 ?37

15 -20 1 10 00 53 3 2 10 531 404 -17 4 10 66 87 ? 5 10 140

0 -19 1 10 254 249 4 2 10 125 129 -16 4 10 2 4 8 5 10 270

16 -18 1 10 205 194 5 2 10 16 0 -15 4 10 17 50 9 5 10 56

25 -17 1 10 212 215 6 2 10 99 125 -14 4 10 5 21 10 5 10 290

:-1, 11o 35? 375 511o ?, 35-. 410 314 305 11 _10 2,1-15 10 1110 1184 10 166 167 -12 4 10 345 290 12 10 341

159 -14 1 10 1362 1269 9 2 10 401 402 -11 4 10 61 29 13 5 10 361

20 -13 I 10 374 301 10 2 10 -3 19 -10 4 10 327 331 14 5 10 634

73 -12 1 10 245 234 11 2 10 31

110 -11 1 10 081 954 12 2 10 45

10 -10 1 10 912 937 13 2 10 23

24 -9 1 10 45 41 14 2 10 76

126 -0 1 10 228 213 15 2 10 151

14 -7 1 10 ?374 ?450 16 2 10 -1

6 -6 1 10 50?9 5202 1? 2 10 1'

19 -5 1 10 1005 2101 14 2 10 -19

5 -4 1 10 935 984 19 2 10 -5

104 -3 1 10 2379 2?32 20 2 10 -31

54 -2 i 10 1565 1390 -22 3 10 224

19 -1 1 10 3504 3949 -21 3 10 53

12 0 1 10 2390 2627 -20 3 10 384

2 1 1 10 116 125 -19 3 10 65

2 2 1 10 2402 246? -18 3 10 26?

11 3 1 10 1600 1839 -17 3 10 54

1 4 1 10 714 648 -16 3 10 859

0 5 1 10 3290 299? -13 3 10 355

4 6 1 10 1955 1809 -14 3 10 47,

0 ? 1 10 645 636 -13 3 10 15

158

254

53

233

326

36O

367

595

1 -1 4 10 39 40 15 5 10 190 225

4_ -_ _ 10 _ 4 16 5 10 179 15010 - 0 17 5 10 105 94

59 -6 4 10 27 13 19 5 10 258 244

149 -5 4 10 187 175 19 5 10 32 24

5 -4 4 10 304 249 20 5 10 0 34

30 -3 4 10 36?2 3429 -21 6 10 -14 6

1 -2 4 10 8322 ?965 -20 6 10 99 82

3 -1 4 10 23338 22?54 -19 6 10 3? 0

2 0 4 10 10788 10273 -18 6 10 4 16

03 1 4 10 631 481 -17 6 10 44 24

0 2 4 10 456 371 -16 6 10 16 I

323 3 4 10 40 3? -15 6 10 22 4

62 4 4 10 8 24 -14 6 10 52 4 ?

209 5 4 10 3 13 -13 6 10 45 ?0

18 6 4 10 96 90 -12 6 10 31 20

771 ? 4 10 469 485 -11 6 10 128 184

395 l 4 10 406 405 -10 6 10 1926 1744

409 l 4 10 243 257 -9 6 10 4? 45

8 10 4 10 90 59 -0 6 10 1 27

0 0 1 10 2867 2910 -12 3 10 1541 1470 11 4 10 108

41 9 1 10 144 213 -11 3 10 454 427 12 4 10 420

52 10 1 10 1077 1005 -10 3 10 2?02 2643 13 4 10 -4

1 11 1 10 1494 1451 -9 3 10 20 16 14 4 10 5

0 12 1 10 296 231 -| 3 10 5080 5124 15 4 10 421

13 13 1 10 560 405 -? 3 10 123 114 16 4 10 75

4 14 I 10 24 2 -6 3 10 1413 1496 17 4 10 38

4 15 1 10 1361 1402 -5 3 10 916 1064 11 4 10 -2

31 16 I 10 502 499 -4 3 10 10259 10242 19 4 10 ?3

0 17 I 10 619 591 -3 3 10 13647 12525 20 4 10 23

2 10 1 10 92 73 -2 3 10 6231 6561 -21 5 10 -6

1 19 1 10 434 394 -1 3 10 3461 3439 -20 5 10 151

, 20 1 10 -41 9 " 0 3 10 7601 7,66 -19 5 10 44

13 -22 2 10 -1' 27 1 3 10 110 100 -18 5 10 111

65 -21 2 10 59 2' 2 3 10 5321 5119 -17 5 10 174

463 -20 2 10 2 l 3 3 10 •64 947 -16 3 10 ?3

• -10 0 10 83

-I 0 10 168

-, 0 10 162

-4 0 10 40 16 -12 2 10 1406 1288 51 3 10 517

-2 0 10 995 1114 -11 2 10 246 242 12 3 10 490

0 0 10 520 306 -10 2 10 510 532 13 3 10 220

19 6 10 -14 6 4 8 10 -0 1 2 50 10 12

-21 7 10 1 2 5 8 10 42 39 3 10 10 -4

-20 ? 10 49 6 6 8 10 14 17 4 10 10 6

222 -? 6 10 2 0

454 -6 6 10 618 606

0 -5 6 10 125 123

7 -4 6 10 314 285

415 -3 6 10 147 112
107 -2 6 10 8 0

17 -1 6 10 -1 0

2 0 6 10 156 214

2 1 6 10 50 29

2 2 6 10 53 64

40 3 6 10 170 155

142 4 6 10 62 48

51 5 6 10 154 224

03 6 6 10 593 663

595 ? 6 10 2?5 296

45 $ 6 10 77 63

86 -19 2 10 67 92 4 3 10 6126 6153 -15 5 10 114 113 , 6 10 0 1

21 -15 2 10 36 4? 5 3 10 403 452 -14 5 10 402 455 10 6 10 11' 109

47 -17 2 10 134 155 6 3 10 4091 4024 -13 5 10 123 156 11 6 10 245 238

307 -16 2 10 82 72 7 3 10 255 121 -12 5 10 034 747 12 6 10 213 121

6' -'15 2 10 600 ?62 0 3 10 2545 2452 -11 5 10 461 443 13 6 10 34 26

206 -14 2 10 403 353 9 3 10 1565 1551 -10 $ 10 20?9 1959 14 6 10 14 17

140 -13 2 10 656 623 10 3 10 1255 11'9 -9 5 10 22 16 15 6 10 413 29

47' -0 5 10 733 723 16 6 10 -18 1

481 -? 5 i0 5093 995 17 6 10 34 6

196 -6 5 10 1665 1602 18 6 I0 4 3

-6 1 11 11032 10748 18 2 11 ?9 '9-5 1 11 1957 1732 19 2 11 46 19

8 -4 1 11 9001 •0•8 20 2 11 -11 21
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Table B.3, continued

14 g L m's Cal© g I[ i. Cl_ r.ale H X 1. Ol_ Cal,: H K L nk. ¢4i1¢ H I[ L Obl Ca1¢

-19 7 10 73 122 7 8 10 238 219 3 10 10 11 2 -5 1 11 1872 19311 -22 3 11 -54 17
-10 7 10 28 13 8 6 10 128 118 6 10 10 24

-17 7 10 78 50 9 I 10 148 171 7 10 10 18
-18 7 10 -5 4 10 $ 20 88 51 | 10 10 27

-15 7 10 117 121 11 8 10 109 155 • 10 10 11
-14 7 10 12 3 12 8 10 52 26 10 10 10 34

-13 7 10 250 233 13 8 10 0 5 11 10 10 12
-18 7 10 184 135 14 8 10 ? 20 12 10 10 -49

-11 7 10 219 203 15 8 10 67 34 -8 11 10 -4
-10 7 10 86| 743 14 8 10 -15 1 -7 11 10 -16

-8 7 10 S24 442 17 8 10 8 0 -6 11 10 21
-8 7 10 4 0 18 8 10 85 2 -5 11 10 25

-7 7 10 802 812 -18 9 10 189 6 -4 11 10 92

-8 7 10 1184 1257 -17 9 10 -2 18 -3 11 10 S2
-3 ? 10 791 770 -14 $ 10 54 1 -2 11 10 67
-4 ? 10 84 52 -13 9 10 137 116 -1 11 10 42

-5 7 10 2765 2395 -14 8 10 141 $8 0 11 10 119

-2 ? 10 68 53 -13 • 10 44 97 I 11 10 84
-2 7 10 4611 4379 -12 9 10 46 $8 2 11 10 50

0 7 10 486 486 -11 9 10 57 36 3 11 10 53

1 7 10 3040 5863 -10 8 10 34 19 4 11 10 7S
2 7 10 496 480 -8 8 10 12 9 8 11 10 21

3 7 10 1827 1479 -9 9 10 10 24 • 11 10 -17
4 7 10 188 292 -7 9 10 33 40 ? 11 10 -54

8 7 10 447 $30 -6 • 10 3 2 -S 12 10 122
6 7 10 184 163 -6 I 10 500 •84 -4 12 10 84
7 7 10 1492 1459 -4 • 10 0 1 -21 0 11 5••

8 ? 10 SS 26 -5 9 10 175 163 -16 0 11 ]10
• ? 10 190 208 -2 • 10 4 10 -17 0 11 46•

10 7 10 441 446 -1 9 10 27 24 -15 0 11 63
11 7 10 83• 638 0 9 10 -4 0 -13 0 11 225

19 -2 I 11 4564 6706 -21 3 11 161 140
5 -1 1 11 21 31 -20 3 11 43 33

3 0 1 11 9440 10264 -19 3 11 495 4•3
14 1 1 11 216 166 -18 3 11 05 82

20 8 I 11 3064 5294 -17 3 11 864 •49

15 3 I 11 65 31 -10 3 11 352 559
4 4 I 11 2419 2489 -13 3 11 1547 1519

59 S 1 11 851 186 -14 5 11 151 112
1 4 I 11 7151 7123 -13 3 11 976 671

19 7 1 11 14?5 1264 -12 5 11 ?? 81
S • 1 11 1514 1831 -11 5 11 1149 1146

0 8 1 11 147 159 -10 3 11 11 2
30 10 I 11 688 723 -9 3 11 1127 1088

51 11 1 11 75 47 -5 3 11 85 38
1• 12 1 11 1144 1180 -7 5 11 2050 2050

63 13 1 11 2? 12 -4 3 11 1180 1052

14 I 11 265 236 -3 3 11 4•8 54718 1 11 -• 1 -4 3 11 647 918
58 11 1 11 819 834 -3 3 11 513 528

61 17 1 11 134 135 -• 3 11 3987 3049
4 15 1 11 225 179 -1 3 11 $63 741
• 16 I 11 42 28 0 3 11 118 114

20 I 11 -55 56 1 3 11 35 61-21 2 11 16 53 2 3 11 124 190
II -20 2 11 242 ••8 3 3 11 4•3 775

635 19 2 11 17 1 4 3 21 1152 1096
74 -16 2 11 170 156 S 3 11 2026 1935

370 17 2 11 •• 61 6 3 11 14 1
• -16 2 11 46 52 7 3 11 856 853

217 15 2 11 46 21 • 3 11 53 40
12 7 10 112 112 1 8 10 499 530 11 0 11
13 7 10 11 5 2 9 10 S•
14 ? 10 66 61 3 9 10 196

13 7 10 46 •0 4 9 10 52
16 7 10 17 21 5 9 10 24

17 7 10 6 • 4 9 10 21
16 7 10 *9 16 7 9 10 122

19 7 10 -14 146 • 9 10 -8
20 8 10 23 19 9 9 10 173

19 8 10 13 31 10 • 10 17
18 8 10 28 81 11 9 10 41

1? 8 10 65 52 12 9 10 38
-16 • 10 53 5 13 9 10 38

13 • 10 3 15 14 9 10 59
14 O 10 17 16 15 9 10 -6

13 • 10 96 34 16 9 10 116
12 8 10 43 5 14 10 10 257

11 8 10 36 21 13 10 10 -3
10 O 10 105 90 12 10 10 36

-9 • 10 42 55 11 10 10 32
-0 • 10 47 35 10 10 10 -0

8 20 14 2 11 244 230 9 3 11 917 924

59 9 0 11 879 586 13 2 11 6 1 10 3 11 319 558
170 ? 0 11 1600 1526 12 2 11 72 43 11 3 11 70 32

48 S 0 11 4019 3435 11 2 11 23 14 12 3 11 59 17
28 3 0 11 767 797 10 2 11 9 5 13 3 11 1,36 1545

14 1 0 11 9, 72 9 2 11 727 626 14 3 11 42 68
99 1 0 11 13.1 1303 . 2 11 1,9 134 15 3 11 126 1 41
o 3 o 11 2331 2518 -7 2 11 ,1 113 le 3 11 228 210

1?5 $ o 11 3507 348"/ -6 2 11 2? 19 17 3 11 ?S 112

17 7 0 11 4036 5748 -S 2 11 246 259 18 3 11 53 99
12 9 0 11 18 4 4 2 11 1743 1568 19 3 11 43 St

2 11 0 11 20 19 3 2 11 1524 2407 21 4 11 13 11
3? 13 0 11 2 27 2 2 11 493 482 20 4 11 12 S

9 15 0 11 196 2?3 1 2 11 907 833 19 4 11 31 20
4 17 0 11 3 1 0 2 11 163 89 -18 4 11 -1 39

6 19 0 11 48 73 1 2 11 4547 3903 17 4 11 38 19
1 22 1 11 131 166 2 2 11 4442 3664 16 4 11 32 30
7 21 1 11 28 32 3 2 11 3329 2920 15 4 11 2 20

0 -20 1 11 436 524 4 2 11 469 390 -14 4 11 273 291

22 19 1 11 94 94 5 2 11 307 429 13 4 11 142 04
0 18 1 11 292 204 6 2 11 294 271 12 4 11 167 204

7 • 10 474 438 8 10 10 32
-6 e 10 260 25? 8 10 10 20
S 8 10 412 617 ? 10 10 0

4 • 10 0 12 5 10 10 10
3 6 10 19 7 5 10 10 •

2 8 10 5 S -4 10 10 6
1 8 10 154 161 3 10 10 34

0 • 10 3?2 362 2 10 10 -5

1 • 10 10 ? 1 10 10 36

2 I 10 137 151 0 10 10 1

• 10 0 0 1 10 10 344 11 543 506 17 6 11 53

1 4 11 3073 2751 16 6 11 28

12 17 1 11 811 604 7 2 11 16

7 16 1 11 792 770 8 2 11 ?33
5 -15 1 11 520 497 9 2 11 127

32 14 I 11 3050 2997 10 2 11 242
5 -13 1 11 1600 1491 11 2 11 76
2 12 ] 11 1820 1776 12 2 11 251

22 11 1 11 679 679 13 2 11 3
1 10 1 11 1923 1855 14 2 11 339

35 -9 1 11 76 84 13 2 11 6
2 *0 I 11 3723 3733 16 2 11 124

4 7 1 11 4962 4779 17 2 11 6

36 8 ? 11 909 964 -1 9 11 34
41 9 ? 11 19 1 0 9 11 41

2 4 11 788 797 -1S 6 11 55 23 10 7 11 197 186 1 9 11
3 4 11 242 244 -14 6 11 131 147 11 ? 11 117 116 2 9 11

4 4 11 5 ? 13 4 11 624 652 12 7 11 410 41S 3 9 11
5 4 11 318 324 12 6 11 9 0 13 ? 11 11
6 4 11 267 299 11 6 11 11 6 14 ? 11 28

7 4 11 26 8 10 6 11 6 S 17 7 11 79

• 4 11 43 29 9 6 11 24 46 16 7 11 S
9 4 11 386 390 -8 6 11 11 4 17 7 11 1 1

10 4 11 1115 1142 -7 6 11 249 267 18 ? 11 -33
11 4 11 25
12 4 11 14

13 4 11 254
14 4 11 378

15 4 11 212
16 4 11 15

17 4 11 54
lO 4 11 13

19 4 11 2
-21 5 11 44

20 5 11 65
-19 5 11 55
-18 5 11 52

17 5 11 103
-16 5 11 213

-15 3 11 3
14 s 11 33

27 11 4 11 12 12
652 10 4 11 102 92

141 9 4 11 293 265
217 O 4 11 90 68

88 -7 4 11 3? 21

275 -6 4 11 326 305
7 -5 4 11 26 50

327 -4 4 11 279 324
17 5 4 11 783 932

107 2 4 11 1202 1241
7 1 4 11 1627 1300

19 9 0 12 3444 3529

35 -6 0 12 1859 1442
• 5 83 -4 0 12 902 1000

44 33 2 0 12 254 303
20 33 0 0 12 2100 2126

7 4 9 11 1 1 2 0 12 2706 2751
7 3 9 11 115 132 4 0 12 532 457

62 6 9 11 6 1 6 0 12 1214 1414
30 ? 9 11 99 102 8 0 12 1552 1577

1 9 9 11 57 74 10 0 12 667

35 9 8 11 66 80 12 0 12 80
59 10 9 11 126 103 14 0 12 323

2 11 8 11 90 105 16 0 12 506

3 6 6 11 712 777 19 • 11 2
? S 6 11 60 55 16 I 11 45

221 -4 6 11 812 940 17 8 11 0
578 3 6 11 149 9? 16 8 11 90
245 2 6 11 1262 1238 15 8 11 12

4 1 6 11 2• 16 14 8 11 67
3 0 6 11 43 33 13 • 11 34

33 1 6 11 46 $6 12 8 11 21
0 2 6 11 36 60 11 8 11 2

9 3 6 11 874 943 10 8 11 2
65 4 4 11 695 666 • 6 11 110

89 5 6 11 28 28 . ?8 : 11 0I21 6 6 11 431 411 11 4
112 7 6 11 959 926 -6 8 11 341

1'5 8 6 11 75 63 "5 ' 11 197
3 9 6 11 459 430 4 8 11 297

36 10 6 11 137 79 3 8 11 44
13 5 11 2083 2084 11 6 11 385
12 5 11 381 353 12 6 11 55

11 3 11 698 589 13 6 11 52
10 5 11 448 550 14 6 11 182

9 5 11 766 843 l• 6 11 1

-8 3 11 374 352 16 6 11 13
-7 5 11 432 340 17 6 11 20
-6 3 11 599 562 18 6 11 4

-5 5 11 1079 1153 19 4 11 -73
-4 5 11 89 135 -21 ? 11 101

3 6 11 5866 6026 20 7 11 39
-2 3 11 14 5 -19 7 11 17

368 2 8 11 18

45 1 8 11 2
19 0 8 11 g

163 1 $ 11 156
3) 2 • 11 153

11 3 8 11 8
79 4 8 11 14

2 5 8 11 20
2 6 0 11 91

4 ? 8 11 24
9 6 8 11 21

4 9 8 11 277

1 12 9 11 34

33 13 9 11 27
5 14 9 11 86

40 15 9 11 52

19 16 9 11 26
32 14 10 11 283

0 13 10 11 15
6 12 10 11 67

84 11 10 11 5
1] 10 10 11 -?
54 9 10 11 0

337 8 10 11 13
231 ? 10 11 5

313 6 10 11 9
36 5 10 11 0

14 4 10 11 17
0 3 10 11 29

7 2 10 11 ?
152 1 10 11 20

175 0 10 11 17
0 1 10 11 3

13 2 10 11 11
20 3 10 11 14

90 4 10 11 0
46 3 10 11 1

2? 4 10 11 16
25? 7 10 11 3

977
31

392

519
7?

40
189

160
233

204
497

164

1 18 0 12 27

6 22 1 12 19
39 21 I 12 214

0 20 1 12 107
15 -19 I 12 209

38 18 1 12 193
1 17 1 12 480

18 16 I 12 215
0 -15 1 12 2466 2325
6 -14 1 12 17 24

0 13 1 12 2419 2254
26 12 1 12 204 170

2 11 1 12 1327 1355
18 10 1 12 857 946

0 9 1 12 618 848

13 8 1 12 56 98
33 ? I 12 7937 7513

1 -6 I 12 4612 4076

1 5 1 12 1163 1203
0 -4 I 12 229• 2509

0 3 1 12 1414 1476
14 2 1 12 3S1 422

7 -1 I 12 642 599
2 0 1 12 2981 2896

4 1 1 12 232 243
6 2 1 12 490 433

14 3 1 12 3976 5973



I50

Table B.3, continued

H K L ON CISC H K L _ Oil© N K L _ C_lc H g L Ol=I C42¢ 14 K L _ Calc

-1 ;11 .. .1, -10 ,11 111 ,4 10 on 1,3 :.o ,1o20 :0 . ; _i; 11to 1113
0 $ 12 733 g77 -15 7 11 0 12 11 0 11 21 6 • 10 11 $3
1 3 11 1010 2132 -l& 7 11 ?$ 78 12 8 11 21 21 10 10 11 10

2 S 11 ?23 783 -15 ? 11 47 24 13 3 11 18 17 11 10 11 -20
3 5 11 107 206 -14 ? 11 36 53 14 3 11 62 3• -7 11 11 72
4 S 11 -4 1 -13 7 11 10 1 18 | 11 24 21 -6 11 11 31

5 3 11 69 68 -12 ? 11 101 148 16 8 11 6 0 -$ 11 11 36
6 S 11 20 33 -11 7 11 109 118 17 I 22 17 0 -4 11 11 33

? 3 11 1689 1617 -10 7 11 335 282 12 2 21 113 I -3 11 11 lb
0 3 11 430 601 -3 ? 11 16 23 -10 • 11 130 30 -2 11 11 17

t 5 11 60 55 -8 ? 11 11 22 -17 • 11 21 10 -1 11 11 -3

10 S 13 713 764 -7 7 11 413 398 -16 • 11 $ 1 0 12 21 -8
11 3 11 320 323 -g 7 11 335 359 -25 9 11 -2? 3 2 11 11 23

12 5 11 gO •g -S 7 11 6 19 -14 • 11 ? 24 2 12 11 12
13 3 11 $04 305 -4 ? 11 761 781 -13 3 11 33 28 3 11 12 28

14 $ 21 206 $40 -3 ? 11 •7 112 -12 0 11 -1 27 4 11 12 4

33 S 1 12 10088 10801

15 S 11 gO |1 "2 9 11 17 14 "11 ; 11 133 130 | 11 11 -4
16 5 11 0 0 -1 9 11 139 150 -10 ; 11 82 SO • 11 11 -27

17 S 11 161 151 0 7 11 30 23 -9 9 11 131 144 ? 11 12 33

10 S 11 2S 8 1 ? 11 48 32 -0 0 11 10 15 "22 0 12 -4
19 5 11 51 138 2 7 11 12 2 -7 $ 11 18 14 -20 0 22 133 132 "-17 2 12 •9
20 5 11 7? 24 3 7 11 38 50 -6 3 13 208 267 -It 0 12 146 133 -16 2 12 287

-21 6 11 40 45 4 7 11 70 44 -S $ 11 280 331 -1• 0 12 232 142 -26 2 32 1•4
-20 6 11 40 21 S ? 11 115 122 -4 $ 11 74 63 -14 0 12 •9 08 -14 2 12 23?

-19 g 11 83 48 6 7 11 408 513 -3 D 11 45 41 -12 0 12 6 10 -13 2 32 381
-10 8 11 30 0 ? 7 11 328 196 -2 9 11 0 1 -20 0 12 406 374 -22 2 12 32

-11 2 12 29 20 14 3 12 403
-10 2 12 33 10 15 3 12 198

-: 212 229 202 16 112 2612 12 531 466 17 12 77

-7 2 12 901 797 10 3 12 53
-8 2 12 686 642 19 3 12 -10
-5 2 12 102 201 -21 4 12 32

-4 2 12 097 1080 -20 4 12 60

-3 2 12 1017 945 -19 4 12 24
-2 2 12 3502 290? -16 4 12 ?0

-_ I 12 1334 4542 -17 4 1212 324 249 -16 4 12 -1
1 2 12 64 31 -25 4 12 28

2 2 12 127 165 -14 4 12 22
3 2 12 053 328 -13 4 12 109

4 2 12 1407 1397 -12 4 12 32
S 2 12 44 01 -11 4 12 11

6 2 12 151 132 -10 4 12 21
7 2 12 20 31 -9 4 12 40?

8 2 12 554 533 -8 4 12 87
9 2 12 119 86 -? 4 12 114

10 2 12 136 156 -6 4 12 171
11 2 12 61 56 -6 4 12 1052

12 112 132 191 -4 412 34613 12 -20 -3 4 12 1101
14 2 12 21 30 -2 4 12 2541 2303 -21 6 12
15 2 12 227 209 -1 4 12 28 37 -20 6 12

16 2 12 24 28 0 4 12 41 36 -19 6 12

17 2 12 81 04 1 4 12 1939 1860 -10 6 12
18 2 12 19 57 2 4 12 182 111 -17 6 12

0 6 1 12 1309 1314
4 ? 1 12 36?5 3811

_: : 112 392 334I 12 2099 2054

o lO112 o 11 11 12 440 32

1 12 1 12 72 75

3 13 I 12 89 106
g& 14 1 12 SO 59

$ 13 1 12 423 336
80 16 I 12 09 23

0 17 I 12 147 192
0 18 I 12 59 26
0 13 1 12 201 167

17 -21 2 12 -29 1
3 -20 2 12 11 e

11 -19 2 12 126 110
1 -10 2 12 00 •?

24

1
3

0

27 -7 712 666 660-16112 I s399 -g ? 12 335 342 -15 12 3 3

68 -1 7 12 350 510 -14 9 12 31 3
416 -4 7 12 130 lgO -13 9 12 21 0

86 -3 7 12 96 83 -12 9 12 12 1
23& -2 7 12 161 161 -11 9 12 -4 1

32 -1 ? 12 01 ?1 -10 9 12 19 12

0 7 12 80 46 -9 9 12 31 301 1 ? 12 62 45 -0 9 12 39 26
69 2 ? 12 -3 17 -? 9 12 20 18

63 -6 9 12 30 28
22 -S 9 12 140 121
89 -4 g 12 16 5

20 -3 9 12 29 29

159 -2 9 12 149 138
61 -1 9 12 83 74

10 o 9 12 31 25

19 2 12 -36 10 3 4 12 143
-21 3 12 -1 4 4 4 12 309

-20 3 ]2 523 564 5 4 12 419
-19 3 12 26 25 6 4 12 17
-18 3 12 514 490 ? 4 12 179

-17 3 12 70 112 O 4 12 408
-16 3 12 621 675 8 4 12 373

-18 3 12 815 039 10 4 12 41
-14 3 12 2560 2382 11 4 12 -10

-13 3 12 -S 6 12 4 12 39
-12 3 12 1381 1361 13 4 12 22

-11 3 12 -12 6 14 4 12 2

-10 3 12 2711 2600 15 4 12 138
-9 3 12 108 78 18 4 12 75
-0 3 12 4377 4500 17 4 12 3?

-7 3 12 290 343 10 4 12 59
-6 3 12 4541 4510 19 4 12 19

-5 3 11 62 68 20 4 12 -16
-4 3 12 7153 6962 21 4 12 229

-3 3 12 373 437 -21 5 12 -2
-2 3 12 2786 2812 -20 5 12 66

-1 3 12 42 69 -19 3 12 137
0 3 12 1796 1090 -18 5 12 177

1 3 12 7 1 -17 $ 12 309

2 3 12 4030 4809 -16 S 12 87
3 3 12 19 37 -15 I 12 101
4 3 12 1584 1518 -14 5 12 076

5 3 12 775 752 -13 5 12 225
6 3 12 5895 5890 -12 5 12 197

7 3 12 S 2 -11 5 12 271
8 3 12 71 03 -10 I 12 591

9 3 12 592 616 -9 5 12 44
10 3 12 2456 2350 -0 3 12 322

144 -16 6 12 164 145 10 ? 12 123
256 -11 6 12 38 19 11 ? 12 223

473 -14 6 12 109 122 12 7 12 34
9 -13 6 12 17 6 13 7 12 -6

142 -12 6 12 118 110 14 7 12 15
471 -11 6 12 193 591 11 7 12 0

359 -10 • 12 28 37 16 ? 12 18
41 -9 6 12 049 096 17 ? 12 43

24 -8 • 12 393 470 10 7 12 -4
28 -7 6 12 507 555 -19 8 12 51

31 -6 6 12 1156 1247 -18 8 12 37
0 -t 6 12 473 482 -17 0 12 72

128 -4 6 12 92 73 -16 O 12 101
107 -3 6 12 1003 1770 -13 6 12 64

9 -2 6 12 SO 44 -14 0 12 24
28 -1 6 12 46T 433 -13 0 12 14

2 0 6 12 766 081 -12 6 12 25

21 1 6 12 1460 1354 -11 8 12 29

12 2 6 12 154 124 -10 0 12 3
13 3 8 12 570 800 -9 3 12 32

97 4 6 12 411 371 -8 8 12 0
140 1 6 12 24 11 -7 8 12 35

202 4 6 12 214 224 -6 0 12 37
400 ? 8 12 164 395 -5 8 12 6

53 0 ' 12 179 103 -4 0 12 -3 10 -S 10 12
155 , ' 12 0 22 -3 8 12 236 207 -4 10 12

023 10 8 12 -11 10 -2 8 12 34 31 -3 10 12
199 11 , 12 23 15 -1 8 12 83 98 -2 10 12
543 12 6 12 -2 0 0 0 12 52 ?0 -1 10 12

223 .13 6 12 49 30 1 3 12 43 40 0 10 12
574 14 6 12 0 33 2 3 12 1 3 1 10 12

2 15 6 12 66 SO 3 3 22 375 406 2 10 12
303 16 6 12 143 142 4 3 12 21 25 3 10 12

126 1 9 12 70 58

239 2 9 12 -1 2
10 3 9 12 138 127

4 4 9 12 21 31

3 5 9 12 28 9

1 6 9 12 4 12
8 ? 9 12 110 132

11 8 9 12 106 208

24 9 9 22 16 3

19 10 9 12 5 1
4 11 9 12 24 6

12 12 9 12 72 35
56 13 9 12 2 0
59 14 9 12 27 7

1 15 9 12 -14 9
1S -14 10 12 336 1

5 -13 10 12 77 2
7 -12 10 12 15 21

2 -11 10 12 40 2
1 -10 10 12 50 7

21 -0 10 12 -9 0

10 -8 10 12 4 3

41 -? 10 12 0 0
01 -6 10 12 2

22 e
79 69

18 6
39 13
-6 4

-9 6
35 33

25 10

32 32

11 3 12 32
12 3 12 766

13 3 12 $5
7 10 12 14
8 10 12 -1

9 10 12 21
10 10 12 2
-7 11 12 213

-0 11 12 34
-5 11 12 -9

-4 11 12 58
-_ 11 12 17

-2 11 12 22

-1 11 12 9

25 -? 5 12 1465 1441 17 6 12 36 2 S $ 12 157 147 4 10 12 33 26
715 -6 5 12 672 710 18 6 12 40 14 8 O 12 -4 16 3 10 12 8 9

116 -5 5 12 70 61 -21 ? 12 148 46 7 0 12 8 12 ' 10 12 11 5
40 4 I 13 2092 2019 -12 3 13 9 3 13 4 13 17 1 -1 6 13 438 371

11 3 1 13 520 484 -11 3 13 713 650 34 4 13 734 749 -4 6 13 107 206
3 6 1 13 007 894 -10 3 13 24 11 11 4 13 26 31 -3 6 13 4131 6039
1 7 1 13 1674 1533 -9 3 13 51 40 16 4 13 ?8 73 -2 6 13 11 15

32 • 113 67 37 -8 313 114' 1130 17 413 2 1 -1 613 16 14
25 ' 1 13 737 ?49 -? 3 13 1172 1330 10 4 13 105 129 0 6 13 834 790

2 10 1 13 518 390 -6 3 13 397 159 19 4 13 14 4 1 6 13 360 363
1 11 i 13 13 4 -S 3 13 916 011 20 4 13 6 67 2 4 13 1600 1536

21 12 1 13 17 5 -4 3 13 313 307 21 4 13 114 11 3 6 13 146 140

15 13 1 13 274 290 -3 3 13 3260 3308 -21 5 13 84 96 4 6 13 1020 903
2 14 1 13 419 433 -2 3 13 4 8 -20 5 13 -9 26 5 6 13 45 41

71
262

184
204
370

3
2

04

347

35
25

2
0

442 -4 S 12 1200 1133 -20 7 22 0 11 8 I 12 4
120 -3 S 12 188 159 -18 ? 12 12? 115 9 0 12 132

175 -2 5 12 8016 6034 -10 ? 12 37 10 10 0 12 17
44 -1 $ 12 2439 2364 -1? ? 12 209 211 11 8 12 76

47 0 3 12 3630 3637 -18 ? 12 25 24 12 8 12 302
26 1 5 12 2651 2699 -15 7 12 203 205 13 8 12 56

14 2 5 12 600 549 -14 7 12 225 240 14 0 12 37

28 3 5 12 296 274 -13 7 12 432 414 15 6 12 -8
20 4 3 12 1158 1169 -12 ? 12 252 242 16 8 12 21
61 6 b 12 826 046 -11 7 12 700 782 17 I 12 "-6

0 8 b 12 1223 1308 -10 ? 12 379 372 10 0 12 32
3 ? S 12 135 143 09 ? 12 1125 1033 -10 3 12 30

10 2 3 12 1112 1066 -I ? 32 35 35 -17 9 12 -13
30 9 5 12 10

200 10 5 12 474
1 21 5 12 36

9 12 5 12 424
13 13 S 12 100

437 14 5 12 147

75 15 I 12 21
105 16 5 12 49

196 17 S 12 66
987 16 5 12 72
354 19 5 12 -13 40 3 7 12 75

997 20 5 12 -13 33 4 ? 12 -9
10 9 5 7 12 II

26 5 6 7 12 22
73 14 7 7 12 103

-1 I 0"/12 7113 ? 12 70
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Table B.35 continued

H K L _ CaS© H K L Ol_ ¢aI¢ H K L 01_ t'-ic H g L Gbe CaXc H K L Obe Calc

0 11 12 29 17 15 2 13 30 1 -1 $ 13 309 665 -19 5 23 162 169 6 6 13 39 17

1 11 12 4S 1 16 1 13 431 491 O 3 13 960 ?49 -18 5 13 73 98 7 6 13 630 495

0 11 12 7 6 17 I 13 04 10 1 3 13 1915 1832 -17 6 13 218 201 6 6 13 64 50

3 11 12 37 3 It 1 13 131 173 2 3 13 322 849 -16 S 13 270 280 9 8 13 252 225

4 11 12 -1 2 13 1 13 -46 13 3 3 23 2041 2153 -1S S 13 93 109 10 8 13 47 30

5 11 12 120 2 021 2 13 32 6 4 3 13 572 323 14 5 13 -4 6 11 6 13 36 05

6 11 12 $8 0 20 2 13 64 63 S 3 13 1990 1972 13 $ 13 1555 1538 12 6 13 18 12

7 11 12 1 1 13 2 13 34 34 6 3 13 1466 1253 -12 5 13 331 270 13 6 13 32 24

21 0 13 33 10 18 2 13 167 203 7 3 13 2313 2153 *11 S 13 365 700 14 6 13 120 225

19 0 13 16 12 17 3 13 142 179 8 3 13 322 303 10 S 13 275 319 13 6 13 32 111

17 0 13 5 0 16 2 13 23 26 9 3 13 3 10 9 S 13 24 4 16 6 13 23 4

15 0 23 122 161 13 2 13 406 417 10 3 13 1?2 160 *O S 13 131 131 17 6 13 49 24

13 0 13 28 31 -14 2 13 36 38 11 3 13 1357 1357 7 3 13 332 266 10 6 13 11 2

11 0 13 74 39 13 2 13 107 |0 12 3 13 160 161 -6 6 13 279 259 20 7 23 -10 35

*S 0 13 3 34 12 2 13 13 13 13 3 13 1011 337 *S S 13 110 135 19 7 13 1 8

7 0 23 6639 6359 11 2 13 130 200 14 3 13 104 74 4 S 13 170 179 19 7 13 93 SS

*6 0 13 1734 1536 10 2 13 377 37S 15 3 13 198 175 03 S 13 379 423 17 7 13 26 13

3 0 13 383 592 9 2 13 216 192 16 3 13 121 239 2 3 13 116 121 16 7 13 33 13

1 0 13 735 771 _1 2 13 22 2 17 3 13 300 1S4 1 6 13 1033 1674 IS 7 13 33 124

2 0 13 49 42 7 2 13 462 444 3| 3 23 11 15 @ S 13 2509 2374 14 7 13 9 4

3 0 13 759 ?02 -6 2 13 370 392 19 3 13 2S0 332 1 3 13 $1 100 13 7 13 36 12

$ 0 13 IS9 100 S 2 13 331 381 21 4 13 0 4 2 3 13 1040 1040 12 ? 13 3 2

? 0 19 li 94 4 2 13 13_0 1276 20 4 13 12 3 3 S 13 42 53 11 7 13 70 56

9 0 13 223 226 3 2 23 3101 2982 19 4 13 16 3 4 $ 13 ?2 73 10 7 13 233 242

11 0 13 03 43 2 2 13 26 43 10 4 33 13 $ 3 3 13 134 181 9 ? 13 32 60

13 0 13 321 277 1 2 13 298 296 17 4 13 15 13 6 3 13 009 900 0 7 13 237 133

13 0 13 370 438 0 2 13 16 21 16 4 13 76 37 ? 3 13 473 471 ? ? 13 32 4

17 0 13 20? 230 1 2 13 ??S 316 1$ 4 13 4 0 0 5 13 3 19 6 7 13 346 343

19 0 13 228 325 2 2 13 3356 3215 14 4 13 91 93 9 3 13 234 210 3 ? 13 252 239

22 1 13 222 116 3 2 13 331 299 13 4 13 21 8 10 $ 13 6 10 4 ? 13 422 411

21 1 13 109 120 4 2 13 1353 1471 12 4 13 22 5 11 3 13 2? 20 3 ? 13 170 163

20 1 13 486 509 3 2 13 8 26 11 4 13 155 160 12 5 13 3 6 2 7 13 923 974

013 1 13 143 98 6 2 13 1295 1251 10 4 13 871 062 13 5 13 245 218 1 7 13 20 46

18 1 13 756 722 7 2 13 388 606 -9 4 13 273 299 14 5 13 181 195 0 7 13 733 704

1? 1 13 O0 61 6 2 13 660 641 -6 4 13 32 37 15 $ 13 13 6 1 7 13 119 94

16 1 13 1358 1245 3 2 13 51 10 ? 4 13 11 13 16 3 13 4 2 2 ? 13 704 750

15 1 13 11 1 10 2 13 141 128 6 4 13 329 324 17 3 13 62 22 3 ? 13 39 31

14 1 13 723 648 11 2 13 106 75 $ 4 13 634 345 19 S 13 49 33 4 ? 13 1000 912

-13 i 13 30 33 12 2 13 23 ? -4 4 13 866 889 19 3 13 67 41 5 ? 13 6 0

12 1 13 1106 1013 13 2 13 79 82 3 4 13 0 2 21 6 13 34 29 6 7 13 348 349

11 1 13 23 20 14 2 13 120 125 2 4 13 114 82 20 6 13 19 2 ? ? 13 15 0

10 1 13 1746 1775 13 2 13 159 15e 1 4 13 46 35 19 6 13 10 7 0 7 13 158 169

9 1 13 709 365 16 2 13 69 109 0 4 13 756 790 18 6 13 31 11 9 ? 13 233 162

9 1 13 5915 5?36 17 2 13 3? 12 1 4 13 60 103 17 6 13 9 16 10 ? 13 106 133

-? 1 13 915 930 13 2 13 50 62 2 4 23 641 572 -16 6 13 3 4 11 7 13 102 120

6 1 13 66?0 6052 19 2 13 40 26 3 4 13 74 61 15 6 13 31 35 12 7 13 S? 142

5 1 13 26 51 21 3 13 40 25 4 4 13 1716 1535 *14 6 13 35 40 13 7 13 12 0

4 1 13 4266 4126 20 3 13 24 1 3 4 13 03 37 13 6 13 104 103 14 7 13 36 26

3 1 13 336 32? 19 3 13 331 268 6 4 13 41 28 12 6 13 150 112 15 ? 13 44 47

2 1 13 1332 1178 13 3 13 60 3 ? 4 13 3 2 -11 6 13 203 215 15 7 13 -17 2

1 1 13 425 25? 1? 3 13 41 14 8 4 13 13 1 10 6 13 133 105 17 ? 13 17 1

0 1 13 90 220 16 3 13 458 459 9 4 13 181 164 9 6 13 417 339 10 ? 13 6 121

1 1 13 1264 1140 -15 3 13 496 459 10 4 13 728 602 -0 6 13 357 339 -19 3 13 -6 10

2 1 13 177 228 14 3 13 113 117 11 4 13 113 136 ? 6 13 60 50 13 3 13 30 13
3 1 13 2026 2113 13 3 _3 46 34 12 4 13 285 258 -6 6 13 351 353 17 0 13 22 0

-16 $ 13 9 11 14 9 13 -9 1 -16 1 14 139 72 9 2 14 1693 1608 -6 4 14 318 315

15 3 13 0 5 15 9 13 92 2 15 1 14 89 64 10 2 14 1003 983 5 4 14 15 4

-14 8 13 9 0 -14 10 13 29 9 -14 1 14 724 646 11 2 14 70 46 -4 4 14 41 49

13 8 13 1 0 13 10 13 26 1 13 1 14 91 69 12 2 18 -13 3 -3 4 14 648 667

12 8 13 19 38 12 10 13 21 11 12 1 14 717 727 13 2 14 26 25 2 4 14 0 2

11 8 13 32 45 11 10 13 33 0 11 1 14 315 347 14 2 14 125 118 -1 4 14 54 54

10 8 13 2 10 10 10 13 63 46 10 1 14 732 786 15 2 14 334 329 0 4 14 10 15

9 8 13 4 1 9 10 13 14 12 9 1 14 697 779 16 2 14 132 60 1 4 14 161 128

-9 8 13 14 15 -6 10 13 94 82 -8 1 14 9 11 17 2 14 98 51 2 4 14 265 197

7 8 13 26 ? 7 10 13 16 22 -7 1 24 3365 3144 18 2 14 17 3 3 4 14 1357 1345

6 8 13 203 226 6 10 13 03 49 6 1 14 6193 5951 19 2 14 41 41 4 4 14 169 161

3 8 13 89 ?6 -5 10 13 24 16 -1 I 14 2643 2581 21 3 14 19 16 5 4 14 360 520

4 9 13 721 750 4 10 13 19 40 4 1 14 418 499 20 3 14 405 460 6 4 14 412 390

3 8 13 1 3 3 10 13 11 1 3 1 14 3282 3399 19 3 14 4 6 7 4 14 350 323

*2 8 13 214 235 2 10 13 18 27 2 I 14 OD 125 18 3 14 541 5?6 8 4 14 100 ?5

-1 0 13 43 20 1 10 13 1 0 -1 1 14 1925 1951 17 3 14 11 49 9 4 14 464 411

0 0 13 ? 3 0 10 13 45 12 0 I 14 20 10 16 3 14 630 659 10 4 14 195 234

1 6 13 6 1 1 10 13 9 ? 1 1 14 902 1029 15 3 14 427 457 11 4 14 331 341

2 0 13 154 270 2 10 13 106 119 2 1 14 045 037 14 3 14 3928 3756 12 4 14 36 21

3 0 11 2 1 3 10 13 31 40 3 1 14 1806 1788 13 3 14 7 22 13 4 14 418 469

4 8 13 23 11 4 10 13 27 12 4 1 14 42 52 12 3 14 700 639 14 4 14 35 13

5 0 13 122 94 3 10 13 0 0 5 1 14 899 9?6 11 3 14 6 4 15 4 14 46 30

6 8 13 5 1 6 10 13 11 0 6 1 14 1478 1360 10 3 14 2062 1950 16 4 14 33 29

7 9 13 54 93 7 10 13 22 29 7 1 14 271 232 -9 3 14 142 105 17 4 14 196 176

' ' 13 4 ' ' 10 13 52 49 ' I 14 113 168 ' 3 14 1383 1996 18 4 14 23 36

9 ' 13 176 136 9 10 13 22 4 9 I 14 184 100 ? 3 14 282 262 19 4 14 63 3

10 0 13 71 69 10 10 13 41 10 10 1 14 320 292 6 3 14 3122 2799 20 4 14 49 3

11 6 13 26 32 6 11 13 51 11 11 1 14 670 634 1 3 14 50 24 21 4 14 116 119

12 8 13 30 1 I 11 13 34 15 12 I 14 36 70 4 3 14 523 551 21 5 14 207 30

13 8 13 37 16 4 11 13 6 $ 13 1 14 20 31 3 3 14 653 679 20 5 14 46 25

14 8 13 18 4 3 11 15 18 21 14 1 14 32 1 2 3 14 1193 1216 19 5 14 11 22

15 8 13 100 37 2 11 13 5 1 15 1 14 268 295 1 3 24 35 10 10 5 14 41 31

15 8 13 0 0 1 11 13 41 49 16 1 14 87 26 0 3 14 87 102 17 5 14 108 92

17 3 13 25 14 0 11 13 18 1 17 1 14 26 40 1 3 14 391 34t 16 I 14 22 15

18 9 13 00 64 1 11 13 40 10 10 1 14 28 11 2 3 14 399 457 15 5 14 9? 129

17 9 13 175 4 2 11 13 2 1 19 1 14 213 13 3 3 14 538 303 14 5 14 327 540

16 9 13 2 17 3 11 13 13 60 21 2 14 9 3 4 3 14 142 175 13 I 14 169 139

15 9 13 46 55 4 11 13 11 2 20 2 14 39 48 5 3 14 1428 1284 12 5 14 576 579

14 9 13 103 92 3 11 13 13 11 15 2 14 13 9 6 3 14 2430 2323 -11 5 14 627 656

13 9 13 57 39 6 11 13 20 0 10 2 14 25 1 ? 3 14 194 107 10 5 14 ?74 775

12 9 13 86 52 20 0 14 17 4 17 2 14 95 70 8 3 14 173 219 9 6 14 9? 11

11 9 13 116 102 10 0 14 12 46 16 2 14 083 904 9 3 14 13 3 3 5 14 49 30

-10 9 13 14 52 -16 0 14 t77 502 -11 2 14 494 497 10 3 14 0 13 -7 3 14 1935 1086

9 9 13 200 213 14 0 14 30 28 14 2 34 417 413 11 3 14 14 21 6 3 14 741 036

0 9 13 24 33 12 0 14 114 127 13 2 14 197 185 12 3 14 101 91 1 5 14 32 19

7 9 13 4 0 10 0 14 296 324 12 2 14 171 172 13 3 14 59 149 4 3 14 97 37

-6 ! 13 140 150 -e 0 14 3940 3639 -11 2 14 67 02 16 3 14 115 113 -3 s 14 98 lo3

5 9 13 81 ?3 6 0 14 1917 1909 10 2 14 216 264 15 3 14 216 183 2 6 14 2047 1961
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Table B.35 continued

H g _ ON Ca2=

4 t 13 41 29 -4 14 153 174 D 2 14 11? 151 18 8 14 77

-3 9 13 45 39 -3 0 14 1453 14H *5 2 14 1021 07g 17 3 14 36

• -2 5 13 14
-1 9 13 201

0 $ 13 270
1 J 13 58

2 0 13 345
3 9 13 4

4 9 13 47
S 3 13 28

5 9 13 10
? 9 13 -2

0 • 13 134
• • 13 24

10 • 13 51

5 0 0 14 83 27 °7 2 14 70 50 10 3 24 35
229 2 0 14 1076 1956 -S 2 24 370 304 -21 4 14 -32

2•4 4 0 14 2076 3360 -3 2 14 160 322 -30 4 14 20
45 6 0 14 2337 2430 -4 2 14 646 716 -19 4 14 ?0

2SS • 0 14 256 247 -$ 2 14 236 247 -18 4 14 46
9 20 0 14 247 200 -2 2 24 1041 977 -17 4 14 65

33 12 _19 :T 96 -1 2 19 1433 1255 -16 414 1710 14 14 1 1. 0 2 14 1607 2574 -15 4 14 101

15 16 0 14 55 45 1 2 14 504 ,06 -14 4 14 19
8 19 0 14 137 205 2 2 14 350 333 -13 4 14 52

131 -22 1 14 32 27 $ 2 14 34? 363 -12 4 14 110
3"/ -21 1 24 127 153 4 2 24 -31 0 -11 4 14 41

5 -20 1 14 101 317 5 2 14 45 53 -10 4 14 21

N K L _ Cg1¢ N g _ _1_ _1_ H K L a_ C-a1© H g L GID8 Ca1¢

99 -1 5 24 375 405

38 0 5 14 1767 1900
19 1 5 14 705 899

3? 2 5 14 527 610
4 3 5 14 75 37

30 4 $ 1• -1 3
70 5 S 14 -2 3

4? 6 5 14 620 611
0 ? 5 14 2 9

240 8 5 14 62 64
1 9 5 14 25 11

99 10 5 14 204 19?

140 11 5 14 5 17

56 11 5 14 200 191
40 13 3 14 215 193

269 14 5 14 0 lO
11 • 13

12 9 13
13 0 13 30 29 -17 1 14 492 403 0 2 14 11
17 5 14 29 3 4 ? 14 2o 36 -3 9 14 14

29 5 24 4? 87 5 ? 14 117 117 -2 9 14 25
29 5 24 0 54 6 ? 14 -18 3 -1 9 14 14

-20 6 14 21 S ? ? 14 27 44 0 9 19 9

-15 • 14 11 2 • ? 14 1 14 1 • 14 0
-10 6 14 4 0 3 ? 24 55 70 2 5 24 ?
-17 4 24 209 139 10 ? 14 25 46 8 9 19 63

-16 8 14 62 2 11 ? 14 152 135 4 $ 14 22
-15 8 14 -5 57 12 7 14 20 ? 5 9 14 ?

-14 6 14 114 94 13 7 14 1
-13 £ 14 180 150 14 7 14 15
-12 6 14 30 29 15 7 14 -4

-11 6 14 15 19 16 7 14 -26
-10 £ 14 14 0 17 7 14 -13

-5 £ 14 17 4 -19 O 14 -5
-8 4 14 5 18 -10 5 14 110

-7 6 14 152 121 -17 • 14 16
-8 g 14 452 539 -16 • 14 54

-5 6 14 299 304 -15 9 14 ?

:_ : 14 228 104 -14 : 14 -514 2392 2494 -13 14 33
-2 • 14 1177 1100 -12 8 14 44
-1 6 14 1523 1932 -11 5 14 45

0 6 14 1452 1414 -10 0 14 219
1 £ 14 1535 1675 -9 4 14 142

2 6 14 644 595 -0 5 14 35
3 5 14 -1 5 -7 5 14 49

4 £ 14 9£ 40 -6 O 14 54

5 5 14 80 97 -5 5 14 329
£ 6 14 52 48 -4 4 14 105

0 2 -3 5 14 •

19 30 -19 I 14 419 $87 $ 2 14 2142 3106 -9 4 14 231
11 1 -10 1 14 400 465 7 2 14 993 078 -9 4 14 209 2_ 15 $ 14 92 12

2 °? 4 24 144 115 16 5 14 33 23

19 3015 9455 •518 -23 _15 244 25925 0 15 3832 2541 15 233 259
20 ? 0 18 2913 3037 -1 2 15 334 323

O • 0 15 565 835 0 2 15 245 25?

13 11 0 25 261 274 1 2 15 22 15
7 15 0 15 2"/9 114 2 2 25 529 479

99 15 0 15 399 34? 3 2 15 1459 2994
8 17 0 15 -1 3 4 2 13 744 004
0 -21 1 15 29 71 5 2 15 755 770

0 -20 1 15 253 340 6 2 15 408 457
40 -19 1 15 59 24 ? 2 25 320 292

4 -18 1 15 548 530 9 2 15 1807 1870
54 -17 I 15 352 357 9 2 15 133 107

54 -14 1 15 906 912 10 2 15 019 752
55 -15 1 15 -1 1 11 2 15 597 675

71 -14 1 15 732 654 12 2 15 11 2
4 -13 1 15 126 105 13 2 13 215 230

30 6 9 14 21
5 ? 9 14 43

? O 9 14 20

1 3 9 14 59
4 10 9 14 59

35 11 9 14 30
34 12 9 14 20

2 13 9 14 -20

20 14 9 14 -7

1 -15 10 14 -44
14 -12 10 14 44
4 -11 10 14 107

15 -10 10 14 2£
43 -9 10 14 ?

22? -0 10 14 25
105 -? 10 24 57

10 -6 10 14 23
39 -5 10 34 -1
53 -4 10 14 £

341 -3 10 14 4
101 -2 10 14 -14

10 -1 10 14 24? £ 14
8 6 14 172 153 -2 £ 14 29 33 0 10 14 2

9 £ 14 -9 8 -1 8 14 367 401 1 10 14 4
10 6 14 204 195 0 5 14 21 2? 2 10 14 -10

11 6 14 51 17 1 4 14 56 39 5 10 14 24
12 5 14 34 21 2 9 14 43 93 4 10 14 50

13 6 14 74 90 3 | 14 22 24 5 10 14 19
14 £ 14 82 81 4 4 14 85 105 £ 10 14 36
15 , 14 ' 0 S . 14 14 15 7 10 14 10

16 5 14 77 57 £ J 14 33 23 O 10 14 I
17 6 16 48 0 7 £ 14 37 50 9 10 14 35

15 5 14 35 8 5 I 14 268 221 -6 11 14 210
-20 7 14 37 11 9 4 14 92 110 -5 11 14 55
-19 ? 14 152 134 10 0 14 129 105 -4 11 14 36

-10 7 14 33 10 11 9 14 79 91 -3 11 14 -5

-17 ? 14 105 142 12 9 14 13 2 -2 11 14 0

-16 7 14 64 11 13 O 14 19 1 -1 11 14 30
-15 ? 14 16 9 14 | 14 114 115 0 11 14 24

9 1 11 14 49

3 2 11 14 -1

1 3 11 14 99
3 4 11 14 -33
9 5 11 14 29

55 4 11 14 -5
9 -21 0 15 38

12 -19 0 15 4
11 -19 0 15 32

14 -15 0 15 485
64 -13 0 15 406

44 -11 0 15 235
24 -9 0 15 365

-? 0 15 43

-14 ? 14 138 125 15 4 14 -1

-13 ? 14 372 43: 16 814 I-12 7 14 -20 1? ' 16 1
-11 7 14 43 55 -18 4 14 -54

-10 ? 14 45 25 -17 9 14 26
-9 7 14 1062 1068 -16 9 14 154

-8 ? 14 15 1 -15 9 14 79
-7 7 14 656 ?33 -14 9 14 11

-5 7 14 16 11 -13 9 14 -22
-5 ? 14 377 347 -12 9 14 5£
-4 7 14 119 122 -11 9 14 44

-3 7 14 50 •2 -10 9 14 67
-2 ? 14 1 2 -9 9 14 60

29 -12 1 15 1621 1527 14 2 15 295 298
-11 1 15 134 132 15 2 15 220 219

7 -10 I 15 410 418 16 2 15 323 25•

34 51 115 395 ,0o 17 115 51 9915 15 2027 1972 10 15 -16 43

' 7 115 25 2 -2, _15 35 212 -6 13 137o 14,3 20 15
?1 -5 1 15 1683 1450 -19 3 25 103 170

5 -4 1 15 2301 2342 -19 3 15 70 92

2 -3 1 15 -7 3 -17 3 13 0 25
21 -2 1 15 519 355 -15 3 15 70 99

1 -1 1 15 240 250 -15 3 15 1000 993
0 0 1 15 492 474 -14 3 15 94 137

10 1 1 15 0 19 -13 3 15 ,09 S£3

11 2 1 15 2577 248? -12 3 15 10 10

g : 115 207 179 -11 115 1507 .lO1 15 2441 2387 -10 15 134 131
20 5 1 15 23 32 -9 3 15 114 107

55 6 1 15 1809 1027 -0 3 15 54 52
0 ? 1 15 143 116 -7 3 15 4939 4593
1 5 1 15 2921 2957 -5 3 15 377 355

9 9 1 15 153 133 -5 5 15 1990 1765
5 10 1 15 1470 1517 -4 3 15 35 25

5 11 1 15 -• 1 -3 3 13 1291 1326
5 12 1 15 323 325 -2 3 15 35 12

10 13 1 15 28 54 -1 3 15 1250 1256

16 14 1 15 362
1 15 1 15 35

5 16 1 15 233

0 17 1 15 35
13 14 1 15 -11

6 -21 2 15 -9
23 -20 2 15 11

1 -19 2 15 36
17 -15 2 15 -9

2 -17 2 15 12
4 -1£ 2 15 57

3_ -15 515 lO_-14 15

2 -13 2 15 22
489 -12 2 15 92
308 -11 2 15 104

220 -10 2 15 290
346 -9 2 15 £

51 -| 2 15 1091 1101 15 3 15 130

343 0 3 15 ? 3
71 1 3 15 635 54 5

190 2 3 15 ?? 54
4 3 3 15 1S23 1550

30 4 3 15 412 304
22 5 3 15 1705 1595

25 £ 3 15 342 315
67 7 3 15 542 48?

3_ : 11515 :: 7_
47 10 3 15 23 79
23 11 3 15 302 349

136 12 3 15 42 105
27 13 3 15 66 £3

74 14 3 15 123 121
111 15 3 15 180 195
244 16 3 15 -23 0

6 17 3 15 79 81
19

-1 7 14 496
0 7 14 159

1 ? 14 217
2 ? 14 45

3 ? 14 45
-18 4 15 65

-17 4 15 316
-15 4 15 £25

-15 4 15 •
-14 4 15 24

-13 4 15 25
-12 4 15 16

-1) 4 15 24O
-10 4 15 600

-9 4 15 437
-8 4 15 15

543 -9 9 14 4

165 -7 9 14 152
24£ -4 9 14 29

2 -5 9 14 73
54 -4 9 14 5B

54 £ 5 15 725
315 ? 5 15 690 598 -5 ? 15

.5 . 515 27 3. "-4 715 39 44 _ 915 13470 9 15 226 9 S 15 304 302 -3 ? 15 4£7
6 10 S 15 14 5 -2 7 15 15 20 -6 9 15 27

12 11 5 15 53 86 -1 7 15 37 24 -5 9 15 42

12 5 15 -11 5 0 7 15 668 705 -4 9 15 225 13 5 15 173 152 1 ? 15 0 2 -3 9 15 13
820 14 5 15 •9 55 2 ? 15 6 12 -2 9 15 -10
435 15 5 15 -22 1 3 7 15 -4 1 -1 9 15 3

2 16 5 15 143 125 4 ? 15 105 79 0 9 15 24
291 17 S 15 17 4 5 ? 15 -7 2 1 9 15 -10

22 2 9 15 5
-7 4 15 305
-6 4 15 1097 1059 18 5 15 50 17 6 7 15 55
-5 4 15 402 330 19 5 15 IS 105 ? 7 15 69 70 3 9 15 13
-4 4 13 269 144 -20 6 15 -43 44 0 ? 15 ?9 151 4 9 15 32

-3 4 15 24 • -19 5 15 -51 21 9 ? 25 3? 6? 5 9 15 19
-2 4 15 1495 1322 -15 £ 15 -29 2 10 ? 15 99 98 6 9 15 19

-1 4 15 53 47 -17 £ 15 115 117 11 7 15 -14 20 7 9 15 4
0 4 1_ 1340 1305 -1£ 5 13 6 ? 12 _ 15 33 64 8 9 15 29

16_ -5 0 15 90 102 -? 2 15 25 53 22 3 15 -45 30
24 -3 0 lS 1991 1949 -6 2 15 1234 1162 -21 4 15 2 99

83 -1 0 15 724 481 -5 2 15 134 179 -20 4 15 2 0
62 1 0 15 0825 9597 -4 2 15 1091 994 -19 4 15 93 31

772 -4 7 15 305 306 -10 9 15 47 47 -$ 0 14 94? 056
1 5 -9 9 15 75 110 -4 0 16 2259 2405

1 -2 0 16 5005 6007
1 0 0 16 3280 2611

9 2 0 16 7975 7215
47 4 0 16 941 1234

16 6 0 16 198 160
12 8 0 16 1208 1141

11 10 0 16 92? 791
15 12 0 16 408 362

? 14 0 16 619 598
11 16 0 16 972 972

11 18 0 15 459 520
5 -21 i 1£ 190 62

21 -20 1 16 191 155
5 -19 1 15 176 130

43 -11 1 16 49 6

20 -17 1 16 1005 1011
5 -14 1 15 314 246
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Table B.3, continued

H K L Ot_ Ca1© H K L •be Ca1¢ H K L •be ¢alc H K L •hi talc H K L •ha Cal¢

............................................- . . . - _i 41_ .8 ,, -1_ ,1_ 180 14, 13 _1_ -1 2, . 815 -11 . -1_ 21, 313 323
2 4 13 781 748 014 8 15 8S 29 14 ? IS 13 6 10 8 15 11

3 4 15 73 28 -13 8 13 58 33 15 ? 1S 53 11 11 8 15 109
4 4 15 1302 1318 -12 i 13 107 103 15 ? 13 38 1 12 9 15 44

5 4 15 1S4 184 -11 4 1S 308 284 17 ? 13 24 4 13 9 13 19
6 4 1S 4 • -10 8 1S 328 3?3 "18 8 15 -? 11 14 8 13 104
? 4 15 840 S03 -9 • 15 184 173 -17 8 13 84 5? -13 10 15 34

8 4 15 $18 266 -8 • 15 731 •71 -18 8 15 20 24 -12 10 13 103
3 4 lS 12 5 *? • 15 7 ? -15 • 15 22 12 -11 10 13 *2

10 4 13 3?4 343 -4 • 15 21 21 -14 • 15 15 20 -•0 10 15 *34

11 4 15 42 48 -S 8 25 142 130 -13 8 15 $0 15 -8 10 •S 32
12 4 15 2•4 23• -4 • 15 344 543 -12 8 13 37 110 -• 10 1S "1
13 4 15 53 24 -3 • 15 2424 2382 -11 4 18 221 210 °7 20 18 -2

14 4 13 200 175 -2 • 13 1243 1203 -10 8 13 32 0 -• 10 13 43
lb 4 15 53 32 -1 • 13 78 35 -3 • 13 84 73 -S 10 lb 33

18 4 •$ 3 3 0 • 13 2223 1232 -• • 15 83 102 -4 10 12 31
17 4 25 45 22 1 • 15 1364 1284 -7 8 23 •26 231 -3 10 15 19

18 4 13 -40 13 2 • 15 84 74 -8 • 15 0 0 -2 10 15 •
13 4 25 28 42 3 8 15 384 338 -5 8 13 38 45 -1 20 15 2?

20 4 23 133 12 4 • 25 0 • -4 | 13 74 201 0 10 15 24
21 4 •$ lS 1 S 4 15 262 155 -3 8 15 165 153 I 10 15 46

-20 5 15 133 20 • • •S 46 61 -2 8 15 4 • 2 60 15 21
-13 • 15 1_$ 74 ? • 25 167 164 -1 4 65 79 55 3 10 15 39
-18 5 15 133 52 4 • •S 83 ?8 0 4 15 15 17 4 20 15 22

-1? S 15 156 •4? 9 • 65 14 30 1 8 15 321 330 5 10 13 -4
-14 5 15 133 8? 10 8 15 ?5 75 2 8 15 0 3 • 10 15 2

-13 5 15 238 252 11 4 15 32 24 3 8 15 221 160 ? 10 15 •
-14 5 15 29? 301 12 • 15 223 178 4 3 15 65 30 O 10 15 42

-13 S 15 445 4•4 13 • 15 -5 3 5 8 15 231 166 9 10 13 38

-12 5 15 88 46 14 • 15 ?5 99 • 8 15 -11 0 -S 11 13 -•4
-11 5 15 471 571 15 • 15 135 144 ? 8 15 36 42 -4 11 15 -43

-10 5 15 104 92 16 • 15 3? 9 3 8 15 9 0 -3 11 15 40
-9 5 15 -1 2 17 8 15 31 3 9 8 13 113 112 -2 11 15 66

-8 5 15 •95 •83 -20 ? 15 77 56 10 • 15 -16 3 -1 11 15 17
-7 5 15 41 47 -13 ? 15 10 1 11 4 15 79 105 0 11 15 -10
-E 5 15 22 14 -16 ? 15 3 16 12 8 15 43

-5 5 15 12 2 -17 ? 15 -23 4 13 • 15 32
-4 5 15 105 108 -16 ? 15 3 4 14 • 15 60
-3 5 15 44) 374 -15 ? 15 4 2 15 • 15 108

-2 5 15 871 905 -14 ? 15 21 11 16 • 15 5
-1 5 15 1430 1485 -•3 ? •S 52 5? -17 3 15 74

0 5 1S 46? 453 -12 ? 15 431 420 -16 3 15 -39
1 5 13 147 176 -11 ? 15 10 10 -15 3 15 83

2 3 13 38 23 -10 ? 13 112 114 -14 9 13 44

5 15 515 534 -8 ? 15 16 13 -13 8 15 225 15 255 293 -8 ? 15 244 249 -12 9 15 51
3 3 15 317 36? °? ? 15 23 20 -11 9 13 -21

-8 2 16 34 25 19 3 16 124 2 1 5 16 -10
-? 2 14 843 777 20 3 16 ?5 24 2 5 18 73

-• 2 16 349 386 21 3 16 53 0 3 5 16 16

10 1 11 15 43
0 2 11 15 -30
• 3 11 15 35

10 4 11 15 51
? 5 11 15 11

12 -20 0 16 105 160 -15 2 16 -14
4 -•8 0 •• 87 117 -14 2 15 •3

0 -16 0 16 320 3?6 -13 2 16 2•
35 -14 0 16 6?? •34 -12 2 1• 13

23 -22 0 16 123 102 -11 2 1• 14
3 -•0 0 16 31 17 -10 2 16 28•

1 -8 0 18 683 702 -3 2 16 308
4 -11 ? 16 36 29 -14 8 16 -12

59 -10 ? 16 32 6 -13 9 16 33
0 -9 7 16 24 4 -12 8 16 11

-5 2 16 33 9 22 3 16 -2
-4 2 18 •2? 524 -20 4 16 ?6

-3 2 16 127 101 -19 4 16 ?
-2 2 16 340 971 -18 4 16 -1

-1 2 16 300 338 -17 4 1• I13
o 2 16 2873 2701 -16 4 16 20

] 2 16 120 109 -15 4 1• 316
2 2 16 503 451 -14 4 16 156

3 2 16 81 100 -13 4 16 3
4 2 16 143 143 -12 4 16 ?9

3 2 16 •13 592 -11 4 16 536
• 2 16 1048 1037 -10 4 16 137

? 2 16 43 35 -9 4 16 220
8 2 16 354 338 -8 4 16 452

9 2 16 406 418 -? 4 16 2
10 2 16 266 265 -6 4 16 3•

11 2 16 69 51 -5 4 16 1013

0 4 5 16 17 30 -8 ? 16 19
41 $ 5 16 959 921 -? ? 16 3?

4 6516 3•9 3?7 -• ? 12 543 16 194 202 -S 7 16 62
118 8 5 16 •2 51 -4 ? 16 358

0 3 5 14 -?
327 10 5 16 22
126 11 5 16 20

20 12 5 16 11
68 13 5 16 0

503 14 3 16 24
136 15 5 36 38

249 16 5 16 43

468 17 5 16 -4
3 18 5 16 16

37 19 3 16 -11
8?5 -20 6 16 24 24 8 ? 16 25

3 9 ? 16 0

O 10 ? 16 11
94 11 ? 16 •

3 12 ? 16 S
40 13 ? 16 69

• 14 ? 16 100

32 13 ? 16 -6
4 16 ? 16 -2?

2: -1' I 1• 11-17 16 -17
239 -16 8 16 26

35 -15 • 16 •4
658 -14 8 16 TO

33 -13 3 16 16
21 -12 3 16 18

130 -11 8 16 35

4? -14 I •• 0 •

146 -13 1 16 446 3?2

7 -12 1 16 $1 51
2 -11 • 16 833 524

4 -10 1 16 83 •1
15 -3 1 16 312 290

1 -0 2 14 10 1
8 -? 1 •E 385• 3742
o -• 2 16 17 4

-5 1 1• 1457 1258-4 I I• •35 30
4 -3 I 1• •444 1418

43 -2 1 16 72 57

120 -1 • 18 40• 427
24 0 I 16 370 423

27 1 • 1• 127 122
0 2 I 16 420 353

34 3 I 1• 338 330
14 4 I 16 163 155

3• 5 I 1• 203 172
24 • 2 •• 183 203
32 ? • 16 33 24

11 4 I 26 1147 1244
10 9 I 16 50 31

1 10 1 16 _3 61
4 21 1 16 45 72

28 12 I 16 4•5 471
4 13 1 2• 83 3•

23 14 1 26 24 4
1 15 1 14 79 58

3 16 1 14 72 1
6 17 1 16 20 1 6

8 18 I 16 81 4

22 -21 2 1• 34 12
0 -20 2 16 65 76

23 -19 2 16 4 •

22 -18 2 12 83 33
1 -17 2 16 21 13

30 -16 2 16 350 339

12 z 16 •8 58 -4 4 16 1217 12o? -19 • 16 -22
13 2 16 26 3 -3 4 16 482 474 -18 6 16 13

14 2 16 346 354 -2 4 18 106 57 -17 6 16 57
15 2 16 104 62 -1 4 16 1005 949 -16 • 16 22

16 2 1• 36 ?3 : 416 _ 11 -lS •16 1_1? 2 16 45 14 4 16 51 481 -14 6 16
18 2 16 136 85 2 4 16 157 122 -13 6 16 30

-20 3 16 222 256 3 4 16 1741 1545 -12 • 16 4
-15 3 16 22 0 4 4 16 042 ?38 -11 • 16 12

-18 3 16 169 204 5 4 16 04 86 -10 • 16 2?
-17 3 16 146 121 4 4 16 238 249 -9 6 16 250

-16 3 16 58 29 ? 4 16 152 138 -8 • 16 42
-25 3 16 272 213 8 4 16 10_ 84 -? • 16 •59
-14 3 16 1066 4•3 3 4 14 453 38? -6 4 1• 74

-13 3 16 133 144 10 4 16 40 40 -5 • 16 3

-12 3 16 47 58 11 4 16 256 251 -4 • 16 143
-11 3 16 30 30 12 4 16 16 2 -3 • 16 2112 2133 -10 $ 16 130

-10 3 16 41 16 13 4 16 236 303 -2 • 16 1443 1346 -3 8 16 8•

-5 3 16 233 270 14 4 16 36 21 .-1 • 16 0 1 -8 8 14 16
-8 3 16 19 33 15 4 16 ?? 54 O • 16 81 i1 -7 8 16 45
-7 3 16 17 23 1• 4 16 -16 15 1 • 16 1347 1335 -• 8 16 48

-6 3 16 1560 1561 17 4 16 212 239 2 • 16 443 434 -5 8 16 -10
-5 3 16 53 50 18 4 16 ?0 2 3 • 16 -2 21 -4 8 16 61

-4 3 16 1813 1823 18 4 16 36 83 4 6 16 206 2?0 -3 4 16 11
-3 3 16 114 ?4 20 4 16 00 43 S • 16 121 166 -2 8 16 8

-2 3 16 217 242 -20 5 16 83 49 • • 16 168 123 -1 8 16 33
-1 3 16 225 241 -13 5 16 3? 123 ? 6 16 24 18 0 8 16 53

0 3 16 885 809 -18 5 16 135 116 • • 1• 109 38 1 • 16 •6

11 5 9 16 -4
11 6 4 16 60

12 ? 9 16 36
1 8 5 16 8

4 9 9 16 23

82 10 9 16 3
o

11 3 16 21 12 9 16 -30

1 13 5 16 53
9 14 9 16 48

33 -12 10 26 53

13 -11 10 16 18
81 -10 10 16 131

85 -3 10 16 18
• -6 10 16 14

34 -7 10 16 54
10 -6 10 16 0

?4 -5 10 16 125
?6 -4 10 16 4

2 -3 10 16 62
22 -2 10 16 16

41 -1 10 16 24
5 0 10 16 15

30 1 10 16 3?

11 2 10 16 -8

4 3 10 16 60
23 4 10 16 4?

30 5 10 16 ?
84 • 10 16 19

1 31, 2. ., -1? 51• 14o 34 , ,1• . ,3 2 31, 1,1 154 ?1o16 10
2 3 16 296 357 -16 $ 16 239 322 10 • 16 164 139 3 • 16 ? 3 8 10 16 47
3 3 16 62 44 -15 5 16 228 252 11 • 16 46 45 -4 11 16 157

4 3 16 10 49 -14 5 1• 384 3•8 12 6 16 24 16 - 27 -3 11 16 231
S 3 16 100 224 -13 S 16 253 223 13 • 16 180 104 • 16 146 166 -2 11 16 4
• 3 16 2465 2406 -12 $ 16 4?? 520 14 • 16 104 140 ? 8 16 39 2 -1 11 16 24

? 3 16 455 568 -11 5 16 13 21 15 • 16 44 9 $ • 16 -4 5 0 11 16 42
$ 3 16 451 441 -10 b 16 361 318 16 • 16 21 4 3 4 16 -16 • 1 11 16 -41

3

44
38

2
21

2?2
274

1
34

3
42
17

5
?0

2
lO

18
1

4
14

33
80

68
0

11
0

1
25

3?

0
39

2

74
3

16
2O
13

1
0

5?
23

36
1

94

5:
o

21
?

20
o

59

4
21

4
21

2
26
1•

1
1

14

o -11 9 16 94
39 -10 5 16 54

8s -3 9 16 4?
37 -4 5 16 66

365 -? 9 16 . 2

0 -3 7 16 18 24 -6 3 16 18

25 -2 ? 16 80 122 -5 3 16 15
1 -1 ? 16 2?? 331 -4 3 16 14

14 0 ? 16 126 138 -3 3 16 10

2 1 ? 16 389 439 -2 3 16 13

32 2 ? 16 126 86 -1 5 16 14
10 3 ? 16 13 4 0 3 16 71
13 4 ? 16 -14 2 1 3 16 61

12 5 ? 16 -29 0 2 5 16 4

1 • ? 16 17 0 3 4 16 23
9 ? ? 16 -3 3 4 5 16 33
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Table B.3, continued

H K L (:be Calc H K L Oba C41C H X L 01_ C,Ilc H X L _ C_lc H X L C4_ talc

, 131 33 41 -; ;1, 2, _9 17 ,3, 49 1 1o .1; 47 ,4 _111, -7 1o
lo 31, 25, 233 , 31, lO5 1132° 7. 92 2 31 ,15 32 23 3111, 7, 2
11 3 16 81 43 -7 S 16 493 444 -19 7 15 249

12 3 16 47 109 -4 3 14 2524 2527 -1| 7 16 33

13 3 16 -9 • -5 5 16 202 336 -17 ? 16 36

14 3 14 6 1 -4 3 11 104 104 -16 7 16 53

15 3 15 108 116 -3 S 16 114 05 -15 7 16 0

lg 3 16 32 42 -2 3 16 941 970 -14 7 16 161

17 3 15 50 9 -1 3 14 -3 1 -13 7 lg 134

11 3 lg 116 42 0 5 16 37 44 -12 7 16 40

-? 0 17 2310 2325 -4 2 17 1327 1291 22 3 17 -10

-$ • 17 4035 41t4 -5 2 17 124D 1172 -10 4 17 37

-3 017 4443 5562 -4 2 17 770 o32 -19 4 17 4
-1 017 1240 1016 -3 2 17 7z 30 -18 4 1_ -1 0

1 o17 e5 35 -2 2 1_ li_7 155e -17 4 17 23
3 o 17 _337 2351 1 a 17 3.1 347 -1. 4 17 *o4
s o 17 13o9 1473 o 2 17 1.3 1057 -13 4 17 97
7 o 17 337 734 1 2 17 1243 1190 -14 4 17 ZOl
9 0 17 314 315 2 2 17 ?90 ?99 -13 4 17 20

11 0 17 31 37 3 2 17 147 354 -12 4 17 444

13 0 17 78 25 4 2 27 812 820 -11 4 17 45

15 0 17 90 36 5 2 17 1183 1162 -10 4 17 0?2

17 0 17 -3 14 g 2 17 52 44 -9 4 17 •

-21 I 17 -1 43 7 2 17 84 91 -8 4 17 137

-20 I 17 202 297 9 2 17 1118 1281 -7 4 17 632

134 12 8 16 27

62 13 9 16 35

27 14 0 16 50

21 15 8 16 •

3 16 8 14 19•

144 -17 • 1_ -3•

157 -14 • 16 25

62 -15 • 16 02

14 4 $ 17 •7

1 6 5 17 476

2 • 5 17 17

1 7 S 17 10

70 8 $ 17 32

69• • 5 17 •5

• • 10 3 17 21

225 31 $ 17 72

3 12 5 17 -15

430 13 5 17 •

34 14 S 17 25

086 15 5 17 90

12 16 5 17 -31

100 17 5 17 72

602 14 5 17 51

0 4 11 16 34 12

0 3 11 16 -17 15

60 -19 0 17 45 20

22 -17 0 17 583 570

35 -15 0 17 476 495

12 -13 0 17 143 122

20 -11 0 17 1095 1090

20 -9 0 17 •23 036

102 -7 7 17 23 21

547 -6 7 17 109 116

24 -5 7 17 63 61

26 -4 7 17 0 13

59 -3 7 17 36 55

76 -2 7 17 1355 1453

20 -1 7 17 39 47

63 0 7 17 907 1066

0 1 7 17 25 26

1 2 7 17 8 18
37 3 7 17 93 119

17 4 7 17 32 12

3 3 7 17 27 23

15 6 7 17 31 1

43 7 7 17 -20 0

-19 1 17 101

-10 3 17 373

-17 • 17 104

-16 I 17 666

-15 I 17 195

-14 1 17 79

-13 1 17 155

-12 1 17 34

-11 1 17 340

-10 1 17 369

-9 1 17 194

57 3 2 17 440 494 -6 4 17 23 3 19 3 17 -29 41 • ? 17 -30

359 10 2 17 574 604 -5 4 17 1472 1302 -20 6 17 162 51 9 7 17 5

4' 11 2 17 45 35 -4 4 17 2,46 2'9' -19 ' 17 -4 20 10 ? 17 -13

592 12 2 17 394 334 3 4 17 117 109 -10 6 17 -1 5 11 7 17
S

220 13 2 17 156 142 -2 4 17 005 1028 -17 6 17 146 157 12 7 17 24

50 14 2 17 276 261 -1 4 17 13 13 -16 6 17 236 167 13 7 17 4

109 15 2 17 213 236 0 4 17 1738 1496 -15 6 17 62 53 14 ? 17 44

lg 16 2 17 164 147 1 4 17 22 26 -14 6 17 -0 13 15 7 17 9

336 17 2 17 -31 17 2 4 17 1777 1153 -13 6 17 43 75 16 7 17 27

344 -20 3 17 11 1 3 4 17 410 455 -12 6 17 131 131 -14 0 17 48

105 -19 3 17 176 169 4 4 17 294 312 -11 6 17 155 172 -17 8 17 50

-, 117 44, 739 -1. 317 46 2 5 617 7 2 -10 617 4, 4. -16 417 ?
-? 1 17 100 95 -17 3 17 284 240 6 4 17 18 4 -9 6 17 310 269 -15 8 17 14

-6 1 17 709 617 -16 3 1_ -13 0 7 4 17 461 42m -e 6 17 14 19 -14 4 17 -1_

-5 i 17 273 320 -15 3 17 467 457 9 4 17 594 579 -7 6 17 203 173 -13 8 17 9, 117 14.3 1377 -16 317 20. 223 , 617 17, _02 , 617 3,3 354 12 .17 120
-3 1 17 366 610 -13 3 17 799 754 10 4 17 179 134 -5 6 17 16 12 -11 4 17 194

15 2 -4 6 17 170 161 -10 8 17 29
06 -3 6 17 330 305 -9 6 17 111

-2 1 17 905 929 -12 3 17 315 323 11 4 17

-1 1 17 20 6 -11 3 17 302 307 12 4 17 92

0 1 17 508 515 -10 3 17 330 379 13 4 17 19

1 1 17 68 67 -9 3 17 251 245 14 4 17 06

2 1 17 754 081 -0 3 17 -1 1 15 4 17 45

3 1 17 52 41 -7 3 17 4402 4219 16 4 17 121

4 1 17 475 468 -6 3 17 53

5 1 17 34 39 -5 3 17 566

6 1 17 307 306 -4 3:7 25]

7 I 17 771 806 -3 3 17 873

9 ) 17 476 484 -2 3 17 369

9 I 17 1037 1008 -1 3 17 094

10 I 17 -5 5 0 3 17 54

11 1 17 62 47 1 5 17 88

12 I 17 14 1 2 3 17 521

13 1 17 44 47 3 3 17 194

14 1 17 290 255 4 3 17 126

15 1 17 66 12 S 3 17 603

16 1 17 -2 10 6 3 17 20

17 1 17 -10 14 7 3 17 392

-20 2 17 51 54 8 3 17 279

-19 2 17 102 51 9 3 17 -5

-18 2 17 36 39 10 3 17 39

-17 2 17 43 36 11 3 17 13

16 2 17 138 162 12 3 17 08

-15 2 17 576 593 13 3 17 -20

-14 2 17 275 293 14 3 17 94

-13 2 ]7 111 89 15 3 17 2

-12 2 17 049 007 16 3 17 58

-11 2 17 64 50 17 3 17 3

-10 2 27 643 595 19 3 17 153

-9 2 17 2901 2910 19 3 17 40

-8 2 17 1445 1434 20 3 17 169

-7 2 17 228

-9 9 17 24

-8 9 17 2

-7 9 17 7

-6 9 17 64

-5 9 17 15

-4 9 17 24

-3 9 17 29 15 -20 1 19 42

-2 9 17 27 17 -19 1 18 168

-1 9 17 36 45 -18 1 19 121

0 9 17 $ 6 -17 1 18 190

1 9 17 9 1 -16 1 18 187

2 9 17 19 16 -15 1 18 97

3 9 17 30 6 -14 1 10 -10

65 17 4 17 -33

609 18 4 17 13

211 19 4 l? 11

843 20 4 37 128

346 -20 5 17 175

780 -19 5 17 -10

50 -18 5 17 6

75 -17 3 17 42

476 -16 5 17 13

174 -15 5 17 149

05 -14 5 17 147

619 -13 3 17 0

0 -12 3 17 _3

357 -11 5 17 -3

300 -10 5 17 136

15 -9 5 17 9

25 -0 5 17 399

0 -7 5 17 367

25 -6 5 17 359

3 -5 5 17 538

80 -4 5 17 16

5 -3 5 17 21

47 -2 5 17 171

0 -) 5 17 77

12 0 5 17 33

31 1 5 17 29

11 2 5 17 48

210 21 3 17 -29 5 5 5 17 24

36 6 0 18 5721 5527 2 2 19 251

2 9 0 19 2066 2527 3 2 19 645

0 10 0 10 2034 1941 4 2 19 035

65 12 0 10 570 599 5 2 18 213

17 14 0 19 761 729 6 2 19 132

26 16 0 19 141 167 7 2 19 26

6 -2 6 17 -10 1 -0 6 17 19

71 -1 6 17 6 3 -? 8 17 126

42 0 6 17 394 429 -6 6 17 11

91 1 6 17 31 13 -3 0 17 05

0 2 6 17 21 1 -4 6 17 26

5 3 6 17 32 24 -3 8 17 147

3 4 6 17 )20 135 *2 6 17 112

167 5 6 17 148 153 -1 6 17 249

37 6 6 17 126 92 0 8 17 145

7 6 17 9 1_ 1 9 17 431

16 9 6 17 50 72 2 8 17 6

2 9 6 17 127 156 3 6 17 -4

18 10 6 17 242 203 4 9 17 2

194 11 6 17 56 69 5 8 17 -12

110 12 6 17 21 26 6 0 17 5

4 13 6 17 109 117 7 8 17 74

54 14 6 17 57 81 9 9 17 92

4 15 6 17 135 101 9 8 17 66

130 16 6 17 -18 0 10 9 17 11

3 17 6 17 45 14 11 $ 17 47

307 -19 7 17 160 12 12 6 17 21

401 -18 ? 17 22 61 13 8 17 79

303 -17 7 17 2 2 14 0 17 27

343 -16 7 17 9 4 15 8 17 77

34 -15 7 17 42 1 -17 9 17 2

3 -14 7 17 126 100 -16 9 17 66

159 -13 ? 17 -5 1 -15 9 17 -31

63 -12 7 17 208 154 -14 9 17 20

36 -11 7 17 108 97 -13 9 17 19

34 -10 ? 17 210 258 -12 9 17 57

35 -9 7 17 ?9 14 -11 9 17 -6

10 -8 7 17 391 367 -10 9 17 56

219 -13 4 18 173 154 12 5 19 25

670 -12 6 19 14 2 13 3 19 -3

944 -11 4 18 135 132 14 5 19 -3

232 -10 4 19 -2 0 15 5 19 100

123 -9 4 18 132 119 16 S 18 5

57 -8 4 18 389 389 27 S 18 14

73 8 2 10 22 10 -7 4 18 390 350 16 5 15 51

134 9 2 19 1035 1032 -6 4 19 329 349 -19 6 19 -27

111 10 2 18 333 336 -5 4 19 202 203 -19 6 18 ?

178 11 2 19 164 123 -4 4 19 990 905 -17 E 19 32

218 12 2 16 134 121 -3 4 16 1831 1801 -16 6 18 90

115 13 2 10 186 150 -2 4 19 23 O -15 6 18 7

2 14 2 10 270 234 -1 4 19 1187 1095 -14 6 19 103

6

4

2

1

10

13

S

6

10

73

0

6

23

4

2

130

141

3

77

2

86

6

08

44

120

140

331

162

36

22

1

4

61

13

27

1

41

6

50

0

0

S

$

4:
0

67

211

2

15

82

2

0

42

13

12

70

?S

S

73

4 9 17 -7

5 9 17 2

6 9 17 15

7 9 17 42

8 9 17 $9

9 9 17 -7

10 9 17 50

11 9 17 SO

12 9 17 13

13 3 17 90

-12 10 17 -17

-11 10 17 -40

-10 10 17 o 29

-9 10 17 -13

1 -13 1 lg 270 262 15 2 10 35 65 0 4 16 16 4 -13 6 10 26 5

0 -12 1 18 205 179 16 2 18 91 114 1 4 16 1692 1751 -22 6 10 100 112

0 -11 I 10 567 536 17 2 18 41 50 2 4 19 17 15 -11 6 19 32 16

3 -10 1 18 412 420 21 2 18 -49 9 3 4 14 055 746 -10 6 15 143 136

0 -9 1 18 161 175 -20 3 18 39 66 4 4 18 325 335 -9 6 18 -2 1

0 -9 1 19 165 117 -19 3 18 -23 2 5 4 18 273 295 -g 6 18 110 93
55

67 -7 1 18 448 442 -10 3 10 141 125 6 4 19 114 112 -? 6 10 44

57 -6 1 18 529 461 -17 3 10 40 34 7 4 19 1726 1767 -6 6 10 49 53

17 -5 1 18 20 20 -16 3 16 264 274 8 4 18 91 62 -5 6 10 332 356

1 -4 1 16 697 680 -15 3 39 7 13 9 4 19 627 599 -4 6 16 9 13

1 -3 1 18 13 2 -14 3 18 499 506 10 4 18 -1 2 -3 6 16 12 4

? -2 i 18 607 628 -13 3 18 48 49 11 4 18 259 2?9 -2 6 19 52 52

6 -1 1 18 214 200 -12 3 19 2?6 286 12 4 19 49 0 -1 6 18 75 90

0 0 1 18 66 17 -11 3 19 354 359 13 4 18 240 229 0 6 18 240 284
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Table B.39 continuexl

H g L Olem C.11¢ N K L Cl_ Cage

-8 10 17 -24
-? 10 17 21

-6 10 17 8
-S 10 17 34
-4 10 17 88

-3 10 17 2
-2 10 17 9
-1 10 17 -3

0 10 17 -4

1 10 17 29
2 10 17 29

3 10 17 11
4 10 17 21

b 10 17 41
8 10 17 -12

7 10 17 S0
I 10 2? 8

-3 11 17 8
-2 11 1? 24

-1 11 17 ?0
0 11 1? li

1 11 1? 32

2 21 17 -20
3 11 17 14

4 11 17 54
$ 11 17 41

-20 0 18 4&
-18 0 18 132

N K L _IDli Calc

106 14 4 lm 43
SI lb 4 ll l)

386 1i 4 11 26
12 17 4 11 32

89b 11 4 ll 18g

17 19 4 18 128
2 20 4 18 -$4

133 -20 b 18 -29
133 -19 b 18 181

87 -14 S 18 121
?0 -17 b 18 ?0

41 -18 $ 18 43
14 -lb S 18 S0

74 -14 b 18 142

75 -13 S 18 13

N K L ON Calc H K L Ol=m Calc

28 1 | ll 20 28

10 8
41 4 S 18 545 $48
29 S 8 18 93 8?

18 8 8 18 71 152
2 ? 8 18 13 3

43 8 6 18 33 12
59 9 8 10 9 8

8 10 8 18 0 27
26 11 8 II 122 16

109 12 g 18 _4 8
28 13 8 18 38 S9

192 14 8 le ?0 40
3 15 8 10 29 0

10 18 6 10 92 2
8

1 -18 7 10 4S1 64

82 -18 ? 10 134 34

181 -17 ? 18 S8 4
823 -18 ? 18 36 I i

03 -10 ? 18 41 17

1 -24 ? 18 28 23
12 -13 ? 18 S3 92

S$8 -12 ? 10 32 38
8? -11 ? 11 28 20

44 -10 7 18 52 41
81 -9 7 18 _4 97
21 -8 ? 18 40 12

1 -7 7 19 30 30

110 -8 ? 18 183 188
4 -b ? 19 19 lS

20

128
1

688

83
84

4
240

250
?

231
4

11
0

390
158

148
10

150
4

9
71

B1
3

?6

4:
_6
73

25
44

0

22_
280

24

1
44

53
149

27

0 -_ 5 11 441 412
149 -8 5 19 122 139

0 -5 5 19 143 159
8 -4 $ 19 322 343

14 -3 5 19 8? 108
80 -2 S 19 127 123

17 -1 $ 19 139 120

1 0 5 19 3 11
0 1 S 19 95 139
S 2 S 19 70 ?2

1S 3 5 19 28 54
0 4 S 10 18 17

287
340

36
86

4

22
1

6
6

2
2

21
9

1:
3O

_ I 18 _ 2 -10 3 18 132I 14 2 28 -9 3 10 55
2 3 I 18 244 241 -3 3 18 408
3 4 1 18 20 18 -7 3 18 -8

20 S 1 18 00 34 -8 3 18 993
1 8 1 18 28 25 -S 3 10 -12
3 7 1 18 3?0 343 -4 3 10 12

0 l I 11 1244 121? -3 3 18 127
2 9 i 18 53 36 -2 3 18 134

4 10 1 18 220 180 -1 3 18 89

0 11 I 18 85 58 0 3 18 84
10 12 I 13 25 45 1 3 11 98

16 13 1 18 189 246 2 3 10 28
3 14 I 13 ?0 20 3 3 10 76

13 15 I 18 -33 38 4 3 28 l?
27 5 3 10 310 394 -12 S 18 41

0 i 3 ll 8b0 853 -11 S 18 224 230 17 8 18 8

0 -10 b 18 23
? -8 5 18 81

0 -8 S 18 145

0 -? S 18 590
50 -6 5 18 ?0

0 -S b 18 -2
85 -4 S 18 36

0 -3 S 18 $74
1 -2 S 18 92

8 -1 S 13 12
26 0 S 18 $6

4 1 5 18 9

11 2 5 18 -14
1 $ 5 18 79

28 4 5 18 24
10 5 5 18 6 1 -4 ? 19 17

24 6 5 18 154 139 -3 ? 18 120

. , _18 2. 2,: :: ,18 :84 I 18 -15 ? 18 57

39 9 5 10 26 2 0 ? 18 19
12 1 ? 10 68

8 2 ? 18 lb

45 -1 4 19 282

3 18 1 18 41
3 17 1 18 0

0 -20 2 10 3 23 ? 3 10 -18

0 -19 2 10 83 38 8 3 20 2
19 -18 2 13 88 ?0 9 3 18 -1

S -1? 2 10 74 100 10 3 10 54
4 -16 2 10 181 170 11 3 18 b?

12 -IS 2 18 130 131 12 3 10 20
22 -14 2 18 3? $? 13 3 28 80

8 -13 2 18 64 40 14 3 18 -7

1 -12 2 18 82 72 15 3 18 49
228 -11 2 18 451 484 18 3 18 27

8? -10 2 10 1522 1430 1? 3 18 -24
-18 0 18 593 839 -9 2 10 121 117 18 3 18 -12

-14 0 18 157 ISl -I 2 18 1158 1137 19 5 18 -52
-12 0 18 141 107 -? 2 18 1480 1486 20 3 18 118

-10 0 18 1580 1473 -6 2 18 431 432 21 3 18 -02
-8 0 18 1578 1578 -5 2 18 1086 840 -20 4 18 -46

-8 0 14 1274 1327 -4 2 18 480 436 -19 4 18 -35
-4 0 18 3691 3896 -3 2 18 533 466 -18 4 18 12

-_ _16 386 400 :l 118 06 ,3 .17418 10,18 247 142 19 1114 1082 -16 4 10 16
2 0 19 3375 2976 0 2 18 20 50 -15 4 18 745 ?35 10 5 18 24

4 0 10 3867 3?89 ] 2 18 444 400 -14 4 18 36 16 11 5 18 11
3 ? 18 243 185 4 8 18 8 0 -12 2 19 106 107 17 2 19 23

1 -11 1 10 11 4 18 2 19 86 6 0 4 19 305
1 -10 I 19 390 369 19 2 19 13 1 1 4 19 21

0 -9 I 19 22 25 20 2 19 -22 12 2 4 19 289
16 -9 I 19 ?4 ?0 21 2 19 65 59 3 4 19 36

2 -? 1 19 89 110 -20 3 19 29 3 4 4 18 23
1 -6 1 19 877 649 -19 3 19 105 136 5 4 18 -16

40 -5 I 19 15 23 -18 3 19 89 13 8 4 18 388
19 -4 1 19 175 207 -17 3 19 86 8? 7 4 19 198

4 -3 I 19 29 25 -16 3 19 88 80 8 4 19 180
1 -2 1 19 182 189 -15 3 19 142 158 9 4 19 49

10 -1 1 19 16 0 -14 3 18 12 0 10 4 19 143
0 0 1 19 56 59 -13 3 19 94 81 11 4 19 -1

3? 1 1 19 4 36 -12 3 19 15 4 12 4 19 81
6 2 1 19 388 354 -11 3 19 140 131 13 4 19 95

10 3 I 19 IO 87 -10 3 19 0 11 14 4 19 9?

10 4 1 19 180 187 -9 3 19 370 383 15 4 19 5?

1 5 I 19 2? 15 -4 3 19 2? 50 16 4 19 81
86 6 1 19 877 929 -7 3 19 1520 1443 17 4 19 -27

0 ? 1 19 29 6 -6 3 19 39 26 10 4 19 -11
2 9 1 19 71 50 -5 3 19 66 69 19 4 19 38

9 1 19 -11 0 -4 3 19 450 443 20 4 19 2810 i 19 -1 2 -3 3 19 231 227 -19 5 19 28
19 11 i 19 359 385 -2 3 19 52 25 -18 $ 19 4?

50 12 1 19 16 2 -1 3 19 40 32 -17 5 19 29
19 13 1 19 47 78 0 3 19 14 30 -15 5 19 15

6 14 i 19 32 0 1 3 19 38 24 -15 5 19 192
17 15 1 19 119 55 2 3 19 83 39 -14 5 19 225

12 16 1 19 -2 24 3 3 19 30 1 -13 5 19 34

4 -20 2 19 ?6 95 4 3 19 18 9 -12 5 19 12
19 -19 2 19 63 126 S 3 19 309 2?9 -11 5 19 49

0 -18 2 19 89 99 6 3 19 40 27 -10 5 19 54
3 -17 2 19 160 160 ? ] 19 43 7_ -9 5 19 120
0 -16 2 19 477 492 8 3 19 296 343 -I 5 19 2?

1 -15 2 19 40 79 3 3 19 2
0 -14 2 19 8 3 10 3 19 107

23 -13 2 19 18 2 11 3 19 10
6 -12 2 19 75 89 12 3 19 4

0 -11 2 19 125 100 13 3 19 22
0 -10 2 19 250 278 14 3 19 57

203 -9 2 19 1070 1091 15 3 19 49

266 -0 2 18 55 26 16 3 19 -10
540 -? 2 19 -11 3 17 3 19 ?
266 -6 2 19 878 957 10 3 19 -61

120 -S 2 19 576 800 19 3 19 24
856 -4 2 19 788 751 20 3 19 -20

58
60

838 -19 4 18 39
943 0 2 19 45 71 -18 4 18 82
710 3 2 19 1560 1538 -17 4 19 115

99 2 2 18 1249 1282 -18 4 19 2?5
19 3 2 19 1967 1917 -15 4 19 45

459 4 2 19 609 3?5 -14 4 19 439
909 5 2 19 462 460 -13 4 19 11

23 6 2 19 30? 2?0 -12 4 19 216

34 7 2 19 29 ?9 -11 4 19 8
305 9 2 19 467 398 -10 4 19 493

4 ? 14 4 0 3 9 18 2
5 7 10 19 1 8 9 18 6

6 ? 19 -2 0 ? 8 18 -28

? ? 19 -2 3 3 9 10 32
8 ? 18 12 4 9 9 18 41
9 ? 18 ? 11 10 9 18 -1

10 ? 18 12 16 11 9 18 -4
11 ? 18 57 38 12 9 18 109

12 ? 16 ?4 62 -11 10 10 65
13 ? 14 49 8 -10 10 10 -8

14 7 14 1 23 -9 10 16 -?
15 ? 19 -20 10 -8 10 18 -26

-17 9 14 -4 0 -? 10 18 17
-16 9 18 ?3 46 -8 10 16 12

-15 4 18 36 24 -5 10 12 21
-14 8 18 2 0 -4 10 18 3?

-13 8 18 15 39 -3 10 18 0
-12 8 18 130 149 -2 10 18 22

-13 9 16 15 11 -1 10 10 0
-10 8 18 112 122 0 10 19 13

-9 9 18 0 0 1 10 16 19
-8 4 18 116 82 2 10 14 43
°? 8 19 27 0 3 10 14 24

-6 8 18 29_ 250 4 10 14 24
-5 4 14 10 4 5 10 18 -2

-4 8 18 273 311 6 10 18 -10
-3 8 18 216 265 7 10 14 0

-2 8 18 -8 1 9 10 12 96

-1 8 18 -8 0 -4 11 12 -22
0 9 18 146 103 -3 11 19 -56

1 0 19 -10 0 -2 11 18 33
2 9 16 259 229 -1 11 19 35
3 8 16 111 124 0 11 18 20

4 8 12 29 ?5 1 11 18 81
5 8 19 16 12 2 11 18 4

6 8 18 7? 61 3 1] 14 -8
? 8 18 4 5 4 11 18 123

8 8 10 60 43 5 11 10 -16
9 8 19 -8 10 0 12 18 386

10 0 18 6 7 -19 0 19 132

11 9 10 25 14 -17 0 19 304
12 6 14 46 0 -15 0 19 544
13 4 14 -8 6 -13 0 19 216

14 8 18 17 29 -11 0 19 136
15 8 19 12 26 -9 0 19 606

-16 9 10 -20
-15 9 18 103

-14 9 18 100
-13 9 18 32
-12 9 18 18

-11 9 19 -14
-10 9 14 -19

-9 9 19 37
-4 9 19 16

-7 9 19 8
7

-_ 9 16- 9 19 42

-4 9 19 22
-3 8 14 -12

-2 9 18 2
-1 9 16 9

0 9 18 14
1 9 18 20 1 -15 1 19 29

0 -? 0 19 697 698 -3 2 19 1652 1843 21 3 19 50 5 5 19 26?
2? -5 0 19 1141 1137 -2 2 19 501 458 -20 4 19 80 6 5 19 26?

9 -3 0 19 2304 2002 -1 2 19 718 9 ? 5 19 17
S -1 0 19 1070 72 8 S 19 75

52 1 0 19 667 133 9 3 19 -5

10 3 0 19 123 315 10 5 19 44
3 5 0 19 ? 20 11 5 19 -2

5 ? 0 19 508 420 12 b 19 19
2 9 0 19 1225 1 13 b 19 38

3 11 0 19 38 236 14 5 19 25
2 13 0 19 32 1 15 b 19 -32

28 15 0 19 429 432 16 5 19 8

18 -20 1 19 41 53 9 2 19 ? 9 -9 4 19 1 0 17 5 19 83
? -19 I 19 45 12 10 2 19 306 369 -8 4 19 1192 1104 18 3 19 231

7 -19 1 19 104 96 11 2 19 5 16 -7 4 19 361 326 -19 6 19 -2
0 -17 1 19 89 117 12 2 19 119 63 -6 4 19 4? 29 -18 6 19 82

5 -16 i 19 24 23 13 2 19 118 44 -5 4 19 43 23 -17 6 39 82 60

24 14 2 19 51 35 -4 4 19 40 31 -16 6 19 143 105
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Table B.3, continued

H K L _ _1¢ H g L ON _lo H g _ am calo N g L 0bg C_ml© H g L _l C4LIG

9 10 --e .... 1 -14 I 19 349 3,09 19 2 1_ _ 1 -3 4 19 1170 11•1 -25 i It 45 56
3 9 12 6 • -13 1 19 173 263 16 2 19 93 99 -2 4 19 3_4 316 -14 6 19 -1• 17

-13 6 19 54 29 -17 O 19 10 31 -S 10 19 2S

-12 S 13 3 • -16 0 19 -41 13 -4 10 19 S2

-11 6 19 99 134 -Ib | 19 12 1 -3 36 13 S

-10 6 19 113 104 -14 0 19 15 3 -2 10 13 42

-9 6 13 32 20 -13 O 19 114 36 -1 16 19 12

-9 6 19 140 265 -32 | 19 ? 20 0 30 19 34

-7 6 19 23 33 -11 9 19 12 2 I 10 29 23

-6 6 13 33 33 -10 9 19 40 60 2 1• 19 11

-3 6 19 212 176 -9 $ 13 69 ?3 3 10 29 -23

-4 • 19 ?44 769 -0 6 19 4 0 4 10 19 32

-3 6 19 45 34 -7 8 19 24 3 3 10 13 12

-2 4 12 133 131 -4 | 19 30 2 6 10 19 19

-1 6 13 663 ?39 -3 2 13 134 172 7 10 19 16

0 6 19 296 34• -4 | 19 0 ? | 10 19 -?

1 6 19 242

2 $ 19 114

3 6 19 422

4 6 19 395

5 6 13 5?2

4 6 19 23

? 6 19 141

8 6 19 263

9 6 19 2•3

10 6 19 4

11 6 19 19

12 6 19 -7

13 6 19 149

14 6 19 41

13 3 19 13

16 6 13 16

17 6 19 ./2

-19 ? 19 20

-19 ? 19 43

-17 7 19 20

-16 7 19 •

-15 7 19 -9

-14 7 19 57

-13 7 19 17 1 -11 9 19 11

-12 ./ 19 113 120 -1• 9 19 75

-11 7 19 6 1 -9 9 19 14

-10 7 19 11 29 -6 9 19 14

-9 ./ 19 13 1 -? 9 19 12

-O 7 19 32 0 -6 ,19 71

-7 ? 19 2./ 14 -_ 9 19 14

-, ?,9 53 47 :: 219 I
-5 7 19 3 • 19 1

-4 '/ 19 116 162 -2 9 19 15

-3 '/ 19 133 132 -1 9 19 24

223 -3 e 13 2•9 21• -$ 11 19 -67

91 -2 2 19 243 274 -4 11 13 1'3

377 -1 9 19 42 $6 -3 12 19 3

303 • • 19 262 294 -2 11 19 33

49? 1 | 19 900 952 -1 11 13 42

12 2 2 19 100 90 • 11 19 60

140 3 9 19 3? 27 I 11 19 32

110 4 2 19 27 9 2 12 19 31

169 $ 9 19 107 43 3 11 19 193

13 9 9 19 19 13 6 12 19 26

-2 7 -1 12 19 -16

21 3 I 20 34 11 -? 3 20 113 122

23 4 1 20 44 29 -6 3 20 135 223

0 3 I 20 23 3 -5 3 20 72 60

25 ' I 20 399 573 -4 3 20 29 13

11 7 1 20 34 11 -3 3 20 30 2

3 9120 200 19, -2 320 236 245

21 • 1 20 35. 39, -1 3 20 ?4 43

29 10 1 20 13 14 • 3 20 17 3

13 11 I 20 33 30 1 3 20 S 4

17 12 I 20 99 77 2 3 20 37 22

9 13 I 20 91 04 3 3 20 52 96

O 14 I 20 -2 O 4 3 20 94 99

0 15 1 20 • 2 3 3 20 ./6 ?li

62 16 1 20 -4 1 • 3 20 333 300

0 -19 2 20 29 47 7 3 20 37 ?0

6 -19 2 20 103 93 9 3 20 24 3

3 -17 2 20 07 ?3 9 3 20 S? 43

1 -16 2 20 240 267 10 3 20 16 11

? -13 2 20 605 447 11 3 20 -? 3

1 -14 2 20 12 29 12 3 20 -1 21

0 -13 2 20 4• 69 13 3 20 3 •

19 -12 2 20 •7 47 14 3 20 30 41

4 -11 2 20 901 998 15 3 20 50 45

0 -10 2 20 334 533 19 3 20 22 50

14 -9 2 20 39 60 17 3 20 12 11

. 7 : 1,20 4 19 -6 S 0 12 19 143 12 -4 2 20 61 60 14 3 20 -11

143 9 • 19 S 42 -19 0 20 147 171 -7 2 20 264 232 19 3 20 17

11 10 9 19 46 2 -16 0 20 4411 431 -• 2 20 32 10 20 3 20 36 1325 11 ,19 . 1214 020 .4 366 5 2o 420 42, . 420 2 15
1 12 II 19 43 29 -12 0 20 343 310 -4 2 20 105 147 -1B 4 20 66 60

21 13 4 19 -23 13 -10 0 20 967 973 -3 2 20 1131 1078 -37 4 20 •6 48

6 14 2 13 50 2 -° 0 20 263"/ 2477 -2 2 20 O 3 -16 4 20 -9 1

92 -16 , 1' 33 O -6 0 20 427. 3953 -1 2 20 ,3 22 -15 4 20 102 109

56 -13 , 19 -20 1 -4 0 20 390' 3,04 0 2 20 1369 1240 -14 4 20 26 42

2 -14 , 1t) -36 13 -2 O 20 40./7 40,7 1 2 20 1.O 132 -13 4 20 2.0 291

•-13 919 156 11, • 020 179. 2009 222• 1343 1292-12 420 45 35

57 -12 9 19 36 0 2 O 20 3142 3001 32 20 194 143 -11 4 20 945 932

29 4 • 20 2470 2396 4 2 20 1094 1001 -10 4 20 29 3

,./ 6 •,0 919 944 3,20 137 15o , 42o 16o3 13o5
2 ° • 20 379 410 6 2 20 64 69 -0 4 20 63 1

'/ 10 • 20 2290 2225 ? 2 20 460 4./7 -7 4 20 ./49 685

12 12 o 2o 2o5 222 ° 2 20 637 631 -6 • 20 14 19
44 14 o 20 439 345 9 2 20 32 70 -5 4 20 279 330

192

-2 '7 19 -11 14 O 4 19 41

-1 '/ 19 22 15 1 9 19 32

0 7 19 4./ 59 2 9 19 3•

1 '/ 19 2./ 29 3 9 19 16

2 7 19 15 5 4 9 19 6

3 ./ 19 4• 9 5 9 19 O

4 7 19 23 3 • 9 19 -23

5 7 19 -11 5 '/ 9 19 2•

• 7 19 ' 6 : 119 0
7 ? 19 -1 7 19 14

? 19 -1 11 10 9 19 $7 19 2./ 1 11 9 19 1./8

10 ? 19 19 O -11 10 19 -3

11 7 19 -2 9 -10 10 19 146

12 ? 19 25 39 -9 10 19 -14

13 7 19 15 10 -8 10 19 39

14 ? 19 9 63 -7 10 19 -2./

15 ./ 19 58 6 -• 10 19 18

19 4 20 ?3 130 6 6 20 •

3 16 0 20 77

1 -19 I 20 3

O -18 I 20 5

14 -17 1 20 113

32 -16 1 20 229

32 -15 I 20 2•

69 -14 1 20 11

5 -13 1 20 11

0 -12 1 20 71

3 -11 1 20 15

1 -10 I 20 116

1./ -9 1 20 1./3

1 -9 1 20 388

O -7 I 20 220

11 -6 1 20 64

1 -5 1 20 -•

21 , 20 ._-3 I 20

31 -2 1 20 61

O -1 1 20 55

19 0 1 20 64

16 1 1 20 -19

2./ 2 1 20 2

13 '/ ° 20 70

-19 3 20 37 76 9 6 20 129 122 8 8 20 -24

-14 5 20 52 21 10 6 20 -12 1 9 ° 20 60

-17 5 20 24 12 11 6 20 23 1 10 • 20 82

-14 5 20 6 9 12 • 20 113 5./ 11 • 20 -5

-15 5 20 -8 0 13 6 20 3"/ 33 12 • 20 31

-14 5 20 28 5 14 6 20 54 41 19 0 20 '/(]

-13 5 20 20 44 15 ° 20 59 11 14 9 20 8

-12 5 20 -2 0 16 • 20 13 16 -15 9 20 173

-11 5 20 32 23 -18 7 20 11 • -14 9 20 19

-10 5 20 25 23 -17 ? 20 132 11 -13 9 20 103

-9 5 20 24 1 -111 7 20 3'7 5 -12 9 20 •3

-0 5 20 140 165 -15 ? 20 25 0 -11 9 20 4•

-'7 5 20 391 402 -14 7 20 03 44 -10 9 20 1

-6 5 20 25 14 -13 ? 20 2. 9 -9 , 20 13

-5 5 20 7"/ 79 -12 ./ 20 3 0 -0 9 20 19

-4 3 20 117 102 -11 7 20 35 11 -7 9 20 O

-3 5 20 139 103 -10 ./ 20 6 22 -6 9 20 7

-2 5 20 ° 9 -9 T 20 1 9 -5 9 20 10

-1 3 20 0 3 -8 '/ 20 -17 6 -4 9 20 9

0 3 20 139 113 -7 ? 20 40 1 -3 9 20 _4

-• -2 9 20 101 3 20 30 41 '/ 20 ° 3

_ _20 41 ,./ -5 ./2o . , -_ 12o :20 237 299 -4 ? 20 3 3 20 1

4 5 20 -2 10 -3 '/ 20 23 31 1 9 20 31

5 5 20 164 °4 2 '7 20 45 35 2 9 20 14

6 3 20 11 10 -1 '/ 20 15° 166 3 9 20 23

7 5 20 -12 7 0 ./ 20 2 1 4 9 20 28

0 3 20 12 17 1 ? 20 16 6 3 9 20 7

9 3 20 266 225 2 7 20 123 130 6 9 20 39

lO 3 20 2 3 3 7 20 27 3"1 7 9 20 39

11 5 20 12 9 4 7 20 85 92 ° 9 20 °

12 5 20 16 13 5 7 20 -17 15 9 9 20 -2

13 5 20 145 160 6 ? 20 22 0 10 9 20 33

14 5 20 16 0 7 ./ 20 16 1 -10 10 20 10

162 lO 22o 2o, 214 :_ :2o 2o,32 11 20 36 61 20 306 338

9 12 2 2o 21o 1°9 -2 4 20 314 2°1
99 13 2 20 29 26 -1 4 20 1690 1168

245 14 2 20 312 310 0 4 20 -2 °

14 15 2 20 42 43 1 4 20 468 340

19 1• 2 20 14 19 2 4 20 110 73

O 1'/ 2 20 121 50 3 4 20 459 503

°O 14 2 20 100 26 4 4 20 0 16

10 19 2 20 -62 21 3 4 20 244 284

125 20 2 20 -32 27 • 4 20 44 34

190 -19 3 20 52 0 7 4 20 568 347

538 -19 3 20 66 77 ° 4 20 29 39

236 -17 3 20 -25 2 9 4 20 56 66

72 -16 3 20 38 24 10 4 20 -20 0

2 -13 3 20 32 9 11 4 20 114 •1

216 -14 3 20 15 33 12 4 20 85 51

5 -13 3 20 4./ 71 13 4 20 62 44

49 -12 3 20 1 34 14 4 20 0 15

40 -11 3 20 -5 1 15 4 20 13 45

26 °10 3 20 84 90 1• 4 20 36 •

9 4 3 20 126 122 1'/ 4 20 49 3

12 -8 3 20 21 4 19 4 20 26 1

'/ -19 0 21 115 133 -10 2 21 303 289

4 -17 O 21 206 214 -9 2 21 1193 1206

22 -13 0 21 Og '/4 -9 2 21 12 17

46 -13 0 21 -3 6 -7 2 21 43 53

0 -11 0 2) 3./3 308 -6 2 21 9././ 927

42 -9 O 21 230 21./ -3 2 21 3 19

1 '/ 021 361 342 4 221 2699 2679

87 -5 0 21 6 34 -3 2 21 240 199

2 -3 0 21 35 25 -2 2 21 3712 3426

10 -1 O 21 330 297 -1 2 21 510 486

29 1 • 21 5 6 O 2 21 94 49

83 3 0 21 24 26 1 2 21 840 772

1 3 O 21 1795 1396 2 2 21 1367 1226

5 ? • 21 15'/ 116 3 2 21 502 454

0 9 • 21 969 642 4 2 21 23 20

0 11 • 21 447 452 3 2 21 114 157

5 13 • 21 459 325 6 2 21 534 459

O 13 • 21 4 139 7 2 21 9 '

1 -19 121 -14 3 ' 2 21 .54 841

1• -19 I 21 31 24 9 2 21 130 177

4./ -17 1 21 40 23 10 2 21 199 243

5 -16 1 21 40 25 11 2 21 •5 9

32 -15 I 21 130 105 12 2 2) 64 59

32 -14 1 21 374 346 13 2 21 4/ 36

1_ -13 1 21 92 59 14 2 21 -S 2

9 -12 1 21 2./4 229 13 2 21 62 3

14 -11 1 21 • 3 16 2 21 161 104

38 -10 1 21 9_ 112 17 2 21 -20 14

? -9 1 21 2 13 10 2 21 38 1•

10 -9 1 21 4, 15 19 2 21 -2./ 10

o 7 i 21 1254 1135 20 2 21 58 3

4 -IS 1 21 7./ 3el -19 3 21 159 °

1'I -5 1 21 234 240 -18 3 21 19 16

O -4 1 21 223 208 -17 3 21 13"Y 158

3 -3 1 21 183 182 -16 3 21 • 18
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Table B.33 continua]

H K L 01_ C81c H K L Obs C81c H K I, 01_ Calc H g L 0938 Calc H K L C_ Calc

13 12o . , , 12o ,9 , -,lO2O ";; - 1, -; 121 1o I -15 ,21 2, .
16 S 20 3149 4 $ ? 20 -2

17 4 20 -2 0 20 7 20 30

18 S 20 -14 3 11 ? 20 4?

-19 4 20 344 $g 12 ? 20 24

-1| • 20 12 3 13 ? 20 21

-17 4 20 125 153 14 7 20 4

-24 4 20 82 119 14 ? 20 97

-15 • 20 49 3 -lg 0 20 8

-14 • 20 49 50 -15 | 20 5 5

-13 • 20 14 0 -14 0 20 -10

-12 6 20 133 104 -13 8 20 -40

-11 • 20 2? 4 -12 0 20 9

-10 S 20 295 210 -11 4 20 9
-3 • 20 •g 39 -10 4 20 15

--2 • 20 22 33 -9 8 20 22

-? g 20 273 279 -8 4 20 39

-$ 6 20 391 42? -7 4 20 26

-b 6 20 44 56 -• | 20 33

-4 • 20 444 380 -5 4 20 55

-3 6 20 42 49 -4 | 20 356

-2 6 20 65 40 -3 6 20 143

-1 6 20 10 20 -2 6 20 11

0 6 20 63 92 -1 6 20 12

1 6 20 95 69 0 | 20 116

2 6 20 16 17 1 | 20 42

3 | 20 137 43 2 4 20 13

9 6 20 21 34 3 | 20 32

5 6 20 210 196 4 4 20 24

$ 6 20 24 12 5 4 20 -9

? 6 20 49 55 6 8 20 -6

16 3 21 4 23 4 5 21 65

17 3 21 62 2 5 5 21 0

14 3 21 -19 6 6 5 21 70

19 3 21 75 1 7 5 21 126

20 3 21 -41 1 4 5 21 44

-19 4 21 -54 14 9 5 21 -1

-1B 4 21 57 70 10 5 21 19

-17 4 21 40 20 11 5 21 -11

-16 4 21 104 96 12 5 21 72

-15 4 21 49 33 13 5 21 -5

-14 4 21 175 167 14 5 21 -32

-13 4 21 31 14 15 S 21 37

-12 4 21 49 54 16 5 21 70

-11 4 21 45 16 17 5 21 -26

-10 4 21 325 265 16 5 21 33

-9 4 21 24 18 -19 6 21 19

6 -| 10 20 10

30 -? 10 20 S1

1 -6 10 20 -23

13 -5 lO 20 06

0 -6 10 20 35

16 -2 10 20 65

43 -2 10 20 27

0 -1 10 20 40

34 0 10 20 15

3 I 10 20 -23

6 2 10 20 49

36 3 10 20 42

9 4 10 20 ?

0 $ 10 20 4

24 6 10 20 -1

35 7 20 20 24

31 -g 11 20 75

1 -4 11 20 -3

66 -4 11 20 S

415 -3 11 20 -1

1•1 -2 11 20 -54

1 -1 ll 20 -46

0 0 11 20 5

98 I 11 20 36

51 2 11 20 -36

23 3 11 20 -37

2_ 4 11 20-2 12 20 -1

1 -1 12 20 43

1 0 12 20 16

74 -2 ? 21 10

0 -1 7 21 39

26 0 7 21 7

96 1 ? 21 34

6 2 7 21 124

1 3 7 21 51

1 4 7 21 36

S 5 7 21 40

76 6 ? 21 -15

8 7 7 21 41

37 $ 7 21 51

0 9 ? 21 e

2 10 7 21 87

1 11 ? 21 24

0 12 ? 21 -13

27 13 ? 21 -9

-| 4 21 927 660 -17 g 21 29 • 14 ? 21 72
-7 4 21 24 11 -14 6 21 73 116 -16 $ 21 -10

-6 4 21 -8 3 -15 6 21 154 162 -15 4 21 -20

-5 4 21 117 117 -14 6 21 2? 0 -)4 9 21 4

-4 4 21 513 507 -13 6 21 95 113 -13 8 21 123

-3 4 21 19 24 -12 $ 21 88 93 -)2 8 21 0

-2 4 21 299 292 -11 g 21 246 254 -11 4 21 7

-1 4 21 12 4 -10 6 21 -1 16 -10 6 21 -1

0 4 21 796 775 -9 6 21 63 73 -9 6 21 11

1 4 21 -14 1 -6 6 21 94 94 -4 $ 21 31
2 4 21 132 62 -7 6 21 132 112 -7 4 21 -11

3 4 21 167 160 -6 $ 21 301 361 -6 4 21 -9

4 4 21 699 650 -5 6 21 249 220 -5 8 21 5

S 4 21 5

76 4 21 49

? 4 21 97

8 4 21 281

9 4 21 11

10 4 21 275

11 4 21 -2

12 4 21 41

13 4 21 -4

14 4 21 94

15 4 21 -32

16 4 21 -43

17 4 21 22

18 4 21 -18

19 4 21 54

-18 5 21 55

-17 5 21 167

-16 5 21 95

-15 5 21 6

-14 5 21 14

-13 5 21 36

-12 5 21 7

-11 5 21 ?

-10 S 21 -6

-9 S 21 23

-9 5 21 12

-? 5 21 43

-6 5 21 35

-S 5 21 114

-4 S 21 26

-3 5 21 1D5

-2 S 21 22

-1 5 21 32

0 5 21 ?9

1 5 21 33

2 5 21 0

3 5 21 23

19 2 22 -13

19 2 22 29

-1B 3 22 6

-17 3 22 10

-16 3 22 51

-15 3 22 19

1 -4 6 21 °$ 4 -4 6 21 93

496 -3 S 21 25 48 -3 e 21 323

67 -2 6 21 -2 2 -2 4 21 31

306 -1 6 21 76 ?0 -1 $ 21 -11

5 0 6 2) -7 12 0 $ 21 51

305 1 6 21 57 34 1 9 21 79

13 2 6 21 43 66 2 ' 21 64

54 3 6 21 119 129 3 4 21 29

25 4 6 21 36 1 4 8 21 20

111 5 6 21 352 319 5 8 21 1

5 6 6 21 l 12 6 $ 21 1

20 ? 6 21 100 55 7 8 21 38

15 6 6 21 -8 13 8 $ 21 -S

16 9 6 21 96 51 9 8 21 46

0 10 6 21 63 7 10 9 2] 3

3 11 6 21 55 15 11 8 21 16

165 12 6 21 35 3 12 6 21 41

93 13 6 21 34 17 13 6 21 -3

13 14 6 21 39 4 -15 9 21 239

3 15 6 21 -65 10 -14 9 21 50

10 16 6 21 44 ' -13 ' 21 -65
2 -18 7 21 462 1 -12 9 21 101

8 -17 7 21 -16 0 -11 9 21 -33

0 -16 ? 21 -31 17 -10 9 21 -32

7. -15 7 21 20 4 -9 9 21 50

0 -14 7 21 0 11 -9 9 21 60

33 -13 ? 21 35 5 -7 9 21 3

31 -12 ? 21 17 4 -6 9 21

85 -11 ? 21 1 0 -5 9 21

33 -10 7 21 32 1 -4 921
109 -3 7 21 12 6 -3 9 21

24 -| 7 21 63 51 -2 9 21

23 -7 7 21 13 ? -1 9 21

87 -6 7 21 15 22 0 9 21

8 -S 7 21 126 112 1 9 21

3 -4 7 21 29 47 2 9 21

21 -3 7 21 49 42 3 9 21

10 -1 2 21 306

52 0 I 21 24

1 I 21 143
10 2 I 21 347

0 3 I 21 221

g9 4 I 21 559

6 4 I 21 675

3 6 I 21 15

54 ? 1 21 395

19 8 I 21 •04

4 9 1 21 27

30 10 I 21 107

7 11 I 22 4g

1 12 I 21 -4

1 13 1 21 12

14 I 21 46
13 1 21 5

7 16 I 21 109

6 27 1 21 114

5 16 I 21 -8

4 19 I 21 -44

2 -19 2 21 S1

6 -10 2 21 120

0 -17 2 21 45

0 -16 2 21 322

0 -15 2 22 211

0 -14 2 21 397

7 -13 2 21 150

0 -12 2 21 416

0 -11 2 21 463

4 9 21 1
3 5 9 21 79

0 6 9 21 14
16 ? 9 21 21

107 9 9 21 -2

31 9 9 21 16

39 10 9 21 36

36 -10 10 21 7

0 -9 10 21 -48

1 -8 10 21 31

35 -7 10 21 -16

3 -6 10 21 2

26 -5 10 21 34

22 -4 10 21 29

-3 10 21 3)-2 10 2) 3

0 -1 10 21 42

e 0 10 21 -5

11 1 10 21 29

? 2 10 21 -2

102 3 10 21 52

3 4 10 21 43

34 5 10 21 13

1 6 10 21 -4

19 7 10 21 -24

0 -7 11 21 51

19 -6 11 21 31

: -51121 1-4 11 21 4

106 -3 11 21 21

321 -2 11 21 47

49 -1 11 21 3563

2 0 11 21 -36

60 1 11 21 24

94 2 11 21 -15

62 3 11 21 15

12 4 11 21 96

10 -3 12 21 9

52 -2 12 21 10

2 -1 12 21 -7

8 4 0 22 1145

3 6 0 22 159

15 4 0 22 41

23 10 0 22 6

0 12 0 22 g0

10 14 0 22 216

61 -19 1 22 94

13 -18 I 22 67

6 -17 1 22 24

277 -14 3 21 -6 0

31 -13 3 21 91 93

99 -12 3 21 25 36

296 -11 3 21 45 $8

196 -10 3 21 33 5

650 -9 3 21 22 32

917 -4 3 21 -$ 22

1 -7 3 21 1160 1224

407 -6 3 21 1046 1096

• 30 -5 3 21 6 0

2 -4 2 21 323 334

109 -3 3 21 46 45

65 -2 3 21 126 130

12 -1 3 21 310 29•

3 0 3 21 6 10

13 1 2 21 144 159

1 2 3 21 12 1

107 3 3 21 112 75

7 4 3 21 31 60

2• 5 3 21 122 125

1 6 3 21 106 11•

10 7 3 21 47 32

74:121 34 ?
64 21 17 39

316 10 3 21 -1 4

190 11 3 21 49 20

442 12 3 21 -30 5

134 13 3 21 59 3 3
429 14 3 21 41 4

492 15 3 21 70 1 2
? -10 I 22 406 434

20 -9 I 22 267 322

26 -8 I 22 64 72

15 -7 1 22 241 231

13 -6 I 22 517 534

2 -5 1 22 96 87

0 -4 1 22 717 605

27 -3 1 22 112 120

4 -2 1 22 437 427

1 -1 1 22 38 30

2 0 1 22 151 171

15 1 1 22 35 44

2 2 1 22 162 154

2 3 1 22 52 6

3 4 1 22 47 46

12 5 I 22 237 233

$ • 1 22 414 451

12 ? 1 22 41 37

21 8 I 22 1002 937

2 9 1 22 56 57

10 1 22 63 4811 1 22 40 32

0 12 1 22 SO 25

1 13 1 22 14 35

5 14 1 22 -9 4

4 15 1 22 36 3

1 17 1 22 -44 ?

5 16 1 22 -43 5

0 19 1 22 -40 0

12 -19 2 22 101 47

2 -18 2 22 113 112

0 -27 2 22 222 224

? -16 2 22 88 62

1 -15 2 22 201 235

0 -14 2 22 56 56

8 -13 2 22 9 4

11 -12 2 22 256 273

0 -1) 2 22 36 28

0 -10 2 22 329 363

0 -9 2 22 2 3

3 -18 0 22 167 216 -8 2 22 693 609

2 -16 0 22 997 1003 -7 2 22 198 135

54 -14 0 22 461 415 -6 2 22 -3 2

6 -12 0 22 1070 1053 -5 2 22 989 664

5 -10 0 22 2672 2510 -4 2 22 890 364

9 -| 0 22 439 406 -3 2 22 1331 1300

44 -6 0 22 2626 2586 -2 2 22 259 241

15 -4 0 22 1198 1109 -1 2 22 127 110

1Z -2 0 22 1477 1351 0 2 22 906 808

24 0 0 22 2649 2502 1 2 22 41 31

9 2 0 22 900 810 2 2 22 2566 2595

987 3 2 22 86 78

164 4 2 22 744 726

42 5 2 22 260 165

4 6 2 22 39 44

51 7 2 22 703 752

10

75

-2

4

93 116 -14 I 22 105

26 5 -15 1 22 22

24 4 -14 1 22 25

14 4 -13 1 22 26

56 46 -12 1 22 297

79 53 -11 1 22 46

8 4 22 -9 4 0 6 22 49 29 2 8 22 353 9 4 22 195 190 1 6 22 116 114 3 O 22 26

6 10 4 22 1 4 2 6 22 31 51 4 O 22 97

0 II 4 22 0 5 3 6 22 193 221 5 O 22 33

16 12 4 22 19 1 4 6 22 49 41 6 8 22 -9

20 13 4 22 23 17 5 6 22 15 44 7 O 22 -29

110 0 2 22 241 206

9 9 2 22 150 251

20 10 2 22 164 107

10 11 2 22 60 69
96 12 2 22 1_ 26

0 13 2 22 26 9

3 14 2 22 28 25

44 15 2 22 115 5?

316 16 2 22 58 ?

67 17 2 22 67 21

36 -3 12 22 -11 ?

17 -2 12 22 10 0

123 -1 12 22 -5 2
4 -17 0 23 49 57

6 -15 0 23 62 102

l -13 0 23 24 5
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Table B.3, continued

H g L _ Cal¢ N X L _ C4tlC N R L _ C4tle H K L 0bm Calc H K L _ Ca.lc
..................................................

14 3 22 27 lS 34 4 23 5 19 $ $ 22 110 114 3 I 22 53 21 11 O 23 734 E32
72 10 7 • 22 39 45 9 O 22 -30 5 9 @ 23 113 7713 3 22 S 12 13 4 22

12 3 22 2• S 11 4 22 01

11 3 22 134 114 17 4 22 39
10 3 12 25 0 19 4 12 35

-9 3 22 164 139 19 4 22 -2

8 3 22 14 15 11 S 22 46

-? 3 22 34 28 -17 5 22 3
-• 3 22 129 124 15 S 22 15
-S 3 22 32 23 l• S 22 -S

4 3 22 39 44 14 5 22 22

3 3 22 43 53 13 S 22 15
-2 3 22 455 441 -1= 5 22 -3
1 3 22 303 2•t 11 S 12 17

0 3 22 423 411 10 5 22 S8
1 3 22 137
2 3 22 15

3 3 21 75

4 3 22 3
S 3 22 39
4 3 22 112

? 3 12 22
| 3 22 4

9 3 22 30
10 3 22 11

11 3 22 12
32 3 22 32
13 3 22 9

14 3 23 11

15 3 12 SO

1 8 • 22 33

? 9 5 22 111
11 10 4 22 24

1 11 5 22 26

18 12 • a2 17
3 13 • 22 53

IS 14 • 22 94
10 13 5 22 50

? 16 • 22 4

S -17 ? 22 5
11 14 7 32 49

15 15 ? 82 113
• 14 7 12 45

154 9 b 22 •9 34 13 7 |_ °31
27 4 S 22 I79 224 12 _ 21 30
73 7 5 22 17 0 11 ? 22 $9

0 • 5 12 25 21 10 ? 22 35

15 5 5 32 220 239 9 ? 22 15
94 4 3 22 208 153 9 7 22 19
19 3 3 22 0 20 ? 7 22 10

2 1 $ 22 8 | -5 7 21 34
? 1 3 22 1 3 S ? 22 15

15 0 $ 22 20 0 4 7 22 42
3 1 S 22 126 ID3 5 ? 22 37

11 2 5 22 0 9 -2 ? 22 35
12 3 3 22 91 109 1 7 22 101

0 4 5 22 19 0 0 ? 22 39
4 3 5 22 ? 0 1 _ 22 9

43 10 | 22 12
0 11 8 22 15

10 12 | 22 131

11 14 9 22 74
9 -13 9 22 32

31 12 9 22 75
• S 11 9 22 31

J •0 9 22 32
10 -9 9 22 23

13 $ $ 22 -$
49 -? 9 22 •@
• 2 -5 • 31 14

1• -3 9 22 14
13 4 • 12

2 *• 3 31
24 -2 • 22

-1 9 220 9 _2
7 • 9 22

0 2 9 22
5 3 • 22
• 4 9 22 20

44 S 9 22 30
79 • 9 22 It

34 ? 9 22 4
41 $ • 22 21

4 9 9 22 13
| 10 10 22 50

20 ? 0 23 209 199

? S 0 33 1624 1S•e

2 3 0 23 829 314
2 *1 0 23 847 704

0 1 0 23 943 853
$? 3 0 23 1312 1153

2 5 0 23 245 200
5 ? O 23 149 149
5 9 0 23 777 696

1 11 0 23 •80 123
33 13 0 23 135 175

3 1S 0 23 80 74
33 17 0 23 402 05

30 g? 10 I 33 1 •

11 1 -17 I 23 9 2
23 34 16 • 23 •0 2 5

11 45 15 • 23 70 03

|O 124 14 • 23 2 3
15 12 13 1 23 31 12
11 0 12 I 23 12 11

53 13 11 1 23 32 45
1 10 1 23 •07 342

0 -9 1 23 10 29
21 • I 23 540 574

7 i 23 231 213-S 1 23 116 119
3 5 1 23 112 91

2 -4 1 23 ?39 742

14 3 22 34 2 5 S 22 1

17 3 22 2 9 7 5 21 S
18 3 22 59 4 9 S 22 5
19 3 22 100 0 9 5 22 13

18 4 22 42 4 10 S 22 2
1') 4 22 174 270 11 5 22 30

11 4 22 .)2 40 12 5 22 7
15 4 22 ]25 158 13 S 22 51

14 4 22 19 5 14 S 22 27
13 4 22 201 217 IS 5 22 22

-12 4 22 9 0 15 5 22 -51
11 4 22 8S 33 17 S 22 10

10 4 22 191 154 18 4 22 151
-9 4 22 541 523 -1') 5 22 91

-0 4 22 10 2 1, ' 22 133
? 4 22 1159 1132 -15 • 22 4

-6 4 22 220 247 14 • 22 100

S 4 22 414 3?9 13 5 22 0
4 4 22 71 ?? 12 5 22 S?
3 4 22 255 131 11 6 22 17

-2 4 22 14 12 10 0 22 112

) 4 22 332 319 9 0 22 1
O 4 22 .)0 ?') 4 6 22 4

1 4 22 245 226 -7 0 22 5_
2 4 22 -6 O -6 5 22 23
3 4 12 113 02 -S 6 22 122

4 4 22 2 2 -4 6 22 25
3 4 22 14_ 103 -3 6 22 ?0

6 4 22 11 21 2 g 22 10
') 4 22 lel 118 -1 $ 22 129

9 2 23 234 210 17 4 23 36
-$ 2 23 511 493 -16 4 23 4

') 2 23 492 465 15 4 23 53

-6 2 23 53 7.) -14 4 23 -10
5 2 23 197 194 -13 4 23 41

4 2 23 1319 122') 12 4 23 SS
3 2 23 41 ? 11 4 23 36

2 2 23 302 302 10 4 23 109
1 2 23 11 4 9 4 23 13

O 2 23 9 2 3 4 23 546

1 2 23 452 396 -') 4 25 103
2 2 23 30 21 6 4 23 520

3 2 23 133 106 $ 4 23 ]O
4 2 23 61 38 -4 4 23 136

5 2 23 30 1 3 4 23 45
6 2 23 187 172 2 4 23 30

? 2 23 123 104 1 4 23 281
g 2 23 9 1 0 4 23 148

9 2 23 95 102 1 4 23 43
10 2 23 11 3 2 4 23 109
11 2 23 35 12 3 4 23 56

12 2 23 36 3 4 4 23 193
13 2 23 10') 84 5 4 23 44

14 2 23 21 o 6 4 23 104
15 2 23 5 3 ? 4 23 13

16 2 23 143 13 0 4 25 66
17 2 23 40 0 0 4 23 22

16 2 23 44 10 10 4 23 126
10 3 23 64 0 11 4 23 31

1') 3 23 14 0 12 4 23 16
16 3 25 45 24 13 4 23 3.)

15 3 23 53 40 14 4 23 -9
14 3 23 77 72 15 4 23 322

13 3 23 66 75 16 4 23 32
12 3 23 2 2 17 4 23 13

11 3 23 24 20 14 4 23 10
10 3 23 100 100 16 3 23 44

-9 3 13 115 90 17 $ 23 106
-8 3 23 51 23 16 5 23 19

? 3 23 .) 0 15 5 23 15
-6 3 23 11 3.) 14 5 23 54

-5 3 23 132 136 13 S 23 -6
-4 5 13 15 21 12 5 23 14

23 2 ') 22 |• 49 9 10 22
0 3 ? 22 114 113 4 10 22

6 4 ? 22 43

1 3 ? 22 16
2 0 ? 22 30

2 7 7 22 .)7
0 4 7 22 25

21 9 7 22 20
10 10 7 22 11

11 11 7 22 33
1 12 7 22 31

14 13 ? 22 43
33 14 ? 22 31
59 15 O 22 72

?3 -14 8 22 11
2 13 5 22 39

8S 12 4 22 85

1 -11 4 22 69
45 10 9 22 40

3 -0 8 22 19
02 -8 8 22 22

0 -') $ 22 -9
3 6 8 22 44

62 5 $ 22 3?
39 -4 8 22 113

136 -3 4 22 24
1 2 • 22 15

06 1 4 22 o
?1 0 4 22 6

111 1 • 22 2?

17 12 5 23 10

32 13 5 23 32
.)? 14 5 23 39

2 15 5 23 -34
34 16 5 23 33

71 17 5 23 24
4.) 17 6 23 18

110 16 6 23 •5
8 15 4 23 135

615 -14 6 23 08

135 -13 6 23 05
521 12 6 23 60

1 11 6 23 16

114 10 6 23 20
49 -9 6 23 .)4

2 35 3 1 23 24 $
42 35 2 I 23 525 561

1 ? 10 22 26 0 1 I 23 27 0
0 0 10 22 17 24 0 I 23 190 234

26 3 10 22 21 0 1 1 23 13 9
35 4 10 22 4 10 2 1 23 123 134

22 3 10 22 9) 105 3 1 23 19 4
26 2 10 22 32 22 4 1 23 551 561

? I 10 22 1 ? 5 I 23 113 94
1 0 10 22 34 30 • I 23 25 30

0 1 10 22 2? .)? ? I 23 92 SO
43 2 10 22 28 1 9 1 23 992 1132

? 3 10 22 41 ? 9 I 23 300 314

1 4 10 22 63 5 10 1 23 233 204
21 S 10 22 -7 0 11 I 23 55 32

1 5 10 22 76 1 12 1 23 125 116

01 -7 11 22 34 9 13 1 23 26 0
24 -6 11 22 92 0 14 1 23 36 01

52 5 11 22 22 4 15 I 23 49 3
14 -4 11 22 35 0 17 1 23 42 2

12 3 11 22 3 3 14 1 23 31 6
0 2 11 22 41 3 19 2 23 167 9.)

11 1 11 22 42 0 17 2 23 68 105
4 0 11 22 -21 1 -16 2 23 341 3?4

101 1 11 22 3 4 15 2 23 42 100
14 2 11 22 60 0 14 2 23 30? 242
16 3 11 22 ? 0 13 2 23 103 94

1 4 11 22 46 4 12 2 23 141 133
71 5 11 22 13 O 31 2 23 142 135

16 4 12 22 35 4 10 2 23 518 513

27 10 7 23 '3 5 1 10 23 43 4'
43 11 7 23 15 1 2 10 23 21 3.)

25 12 ? 23 9 3 3 10 25 1') 11
6 13 ? 23 02 1 4 10 23 22 0

2 15 S 23 62 10 5 10 23 25 13
13 14 , 23 41 1 , 10 23 84 0

1 13 4 23 $ 1 8 11 23 8 6
149 12 4 25 1') 0 7 11 23 16 0

00 11 4 23 15 5 -6 11 23 30 0

9 10 0 23 2 5 5 1] 23 -34 13

6 23 4 15 11 23 0

S? -7 3 33 3 2 -2 11 23 -4 1
13 6 5 23 16 5 I 11 23 2 12
52 5 8 23 10 6 0 11 23 77 2

29 8 6 23 110

311 -7 6 23 341
222 6 6 23 28

5.) S 6 23 24')
101 4 6 23 14

10 3 6 23 147

209 2 6 25 5
63 1 6 23 196

107 0 6 23 45
9 1 6 23 39

40 2 0 23 25
11 3 • 23 16

82 4 • 23 96
1 5 0 23 91

.)3 -4 3 23 ? 0 I 11 23 62 2
302 3 • 23 09 130 2 11 23 145 O

5 -2 8 23 24 2 3 11 23 16 11
2"/0 1 4 23 23 1 4 11 23 57 3

0 0 8 23 44 10 5 11 23 13 3
2?0 1 3 23 2 3 5 11 23 0 0

3 2 9 23 -0 .) -5 12 23 3 1
194 3 6 23 ")8 46 -4 12 23 28 1

12 3324 4 0 23 7 s 3 20 2

63 5 . 23 2? 2 : 12 23 2 02 6 9 23 ?4 19 -1 24 141 23

1 ? • 23 10 10 16 0 24 733 700
125 0 6 23 124 4 14 0 24 242 209

1 9 6 23 5 4 12 0 24 479 400
20 0 0 23 170 125 10 9 23

4 ') 6 23 63

41 4 0 23 60
3 9 0 23 27

20 10 0 23 00

2 11 0 23 30

04 12 6 23 33
0 13 • 23 40

0 14 0 23 39
1 15 • 23 57

17 17 ? 23 299
10 16 ? 23 30

5 15 ? 23 95
0 14 ? 23 36

10 O 10 0 24 1343 1340

14 11 8 23 04 3 -g 0 24 42 12
6 12 4 23 3 1 6 0 24 921 929

1 -13 9 23 112 14 -4 0 24 897 540
9 12 9 23 15 0 2 0 24 244 235

1 11 9 23 13 1 0 0 24 44 38
17 -10 9 23 14 1 2 0 24 456 401

3 9 9 23 1') 1 4 0 24 66 42

3.) 9 9 23 14 0 6 0 24 23 0
12 7 3 23 11 0 9 0 24 79 5 3

? 6 3 23 30 50 10 0 24 91 150
14 -$ 9 23 30 3 12 0 24 114 87

3 -4 3 23 100 85 14 0 24 15 0

1') 5 9 23 33 45 16 0 24 100 37
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Table B.3, continued

H R L _ Cai¢

-; ;_; -;; ---;, -li ._.; -_;, ---;, -1.; ;2;, -;; ---_, -; ,2. . ,_ -,, 1,, lol
H K L Obe Calc N K L _ ¢a1¢ H R L Otto Calc H K 1., _ Cal¢

-2 3 23 15 2 -10 S 23 4 1 -12 ? 23 64
-1 3 23 120 171 -9 S 23 -14 2 -11 ? 23 30

0 3 23 13 3 -I b 23 19 0 -10 ? 23 16

1 3 23 225 209 -7 $ 23 1 3 -9 ? 23 b•
2 3 23 -24 0 -6 $ 23 i8 99 -9 7 23 -9

3 3 23 93 67 -5 $ 23 27 23 -7 ? 23 3
4 3 23 -3 19 -4 S 23 8 4 -g ? 23 39

b 3 23 102 138 -3 S 23 191 203 -S 7 23 b4
52 -4 7 23 -10

3 -3 7 23 20

8 3 23 22 6 0 $ 23 30 61 -2 7 23 3
9 3 23 50 27 1 $ 23 -14 1 -1 7 23 $9

10 3 23 -S • 2 S 23 73 10 0 7 23 7
11 3 23 73 O• 3 b 23 32 42 1 7 23 16
12 3 23 3S 1 4 5 23 4 1 2 7 23 37

13 3 23 40 5 $ $ 23 74 42 3 7 23 13

14 3 23 -48 2 6 5 23 -21 16 4 7 23 32
12 3 23 29 45 7 $ 23 105 93 b ? 23 206
23 3 23 16 15 0 S 23 11 19 6 ? 22 25

17 3 23 11 6 9 $ 23 22 30 ? 7 23 -6

,18 3 23 -3 2 10 S 23 4 1S $ 7 23 ?4
-10 4 23 ?S 40 11 b 23 -25 1 • 7 23 92

5 1 24 07 60 0 3 24 S3 22 -5 5 24 2S

6 1 24 15 2 1 3 24 6 36 -4 5 24 3
? I 24 41 34 2 3 24 160 153 -3 b 24 1
• 1 24 69 52 3 3 24 65 30 -2 5 24 24

9 1 24 181 139 4 3 24 131 80 -1 S 24
10 1 24 103 143 5 3 24 41 37 0 S 24

11 1 24 42 20 6 3 24 21 • 1 b 24
12 1 24 41 • 7 3 24 32 27 2 b 24

13 1 24 32 1 • 3 24 113 65 3 b 24
14 1 24 39 25 9 3 24 45 15 4 S 24

12 1 24 47 25 10 3 24 11 13 S S 24

17 -1 9 23 17 25 -17 1 24 9
? 0 • 23 3 0 -16 1 24 -13

12 1 9 23 32 2 -lb 1 24 44

54 2 g 23 -12 0 -14 1 24 30
12 3 • 23 45 67 -13 1 24 5

5 4 $ 23 ? 2 -12 1 24 4
32 $ 9 23 • 17 -11 1 24 -15

15 6 $ 23 33 4 -10 1 24 77
5 7 3 23 5 0 -• 1 24 251

4 2 9 23 -24 8 -8 1 24 20

4 9 9 23 276 3 -? 1 20 295
7 -10 10 23 33 1 -6 1 24 lSS
3 -9 10 23 -26 O -5 1 24 96

43 -2 10 23 117 1 -4 I 24 -4
34 -7 10 23 -43 9 -3 I 24 12

10 -6 10 23 90 0 -2 I 24 -3
? -S 10 23 -14 3 -1 I 24 5

55 -• 10 23 25 59 0 1 24 SO
92 -3 10 23 17 20 1 1 24 21

0 -2 10 23 -14 1• 2 1 29 14
25 01 10 23 -34 3 3 I 26 70

3 0 10 23 35 lg 4 1 24 93

24
3

lb
40

4
12
22

11

109
26•

32
321

164
78

5
3
6

23
62

37

,I
75

0 -6 ? 24 164 173 7 • 24 23 21

18 -5 7 24 41 42 9 • 24 . -36 9
4 -4 ? 24 -1 4 -10 10 24 43 0

26 -2 7 24 15 0 -• 10 24 131 4
28 42 -2 7 24 56 SO -6 10 24 -19 0

10 6 -1 7 24 31 11 -7 10 2• 43 6

33 29 0 ? 24 9 4 -6 10 2• 77 0
5 5 1 7 24 8 22 -5 10 24 -29 0

?8 120 2 ? 24 9 3 -4 10 24 -2• 21
19 9 3 ? 24 •• ?9 -3 10 24 -27 31

72 63 4 ? 24 -2 26 -2 10 24 1• 60

6 3 23 6 3 -2 5 23 45

? 3 23 144 116 -1 S 23 20

15 1 24 -80 1 11 3 24 25 3 6 8 24 90 $3 8 ? 24 -18

17 1 24 43 12 12 3 24 39 b• ? 3 24 185 161 6 ? 24 19
-10 2 24 10 27 13 3 24 -48 1 • 5 24 37 10 ? 7 24 -3

-17 2 24 16 6 14 3 24 -79 • • 8 24 04 38 • 7 24 14
-16 2 24 10 24 18 3 24 -28 • 10 8 24 03 2 9 ? 24 -26

-lb 2 24 70 120 16 3 24 42 13 11 8 24 49 9 10 ? 24 15
-14 2 24 70 82 17 3 24 44 1 12 8 24 -16 0 11 7 24 12

-13 2 24 114 99 -17 4 24 230 264 13 8 24 12 60 12 ? 24 -6

-12 2 24 154 112 -16 4 24 29 0 14 b 24 -66 II 13 7 24 9
-11 2 24 80 118 -15 4 24 18 22 38 8 24 -83 10 -14 • 24 11

-10 2 24 407 3•6 -14 4 24 08 51 16 8 24 56 3 -13 9 24 31
-• 2 24 36• 371 -13 4 24 33 49 17 $ 24 $7 1 -12 • 24 -30

-8 2 24 1372 1344 -12 4 24 79 43 -17 6 24 194 32 -11 • 24 77

-? 2 24 21 23 -11 4 24 2•? 329 -16 6 24 -33 8 -10 • 24 22
-6 2 24 421 420 -10 4 24 2 1 -18 6 24 47 21 -9 • 24 0
-8 2 24 19 ? -9 4 24 369 344 -14 6 24 94 20 -8 • 24 46

-4 224 14 13 -8 424 2 0 -13 624 107 ?9 -7 • 24 10

-3 2 24 1148 1024 -7 4 24 62 45 -12 6 24 13 1 -6 • 24 2?
23 17 -8 8 24 34-2 2 24 4 9 -6 4 24 40 65 -11 6 24

-1 2 24 141 155 -b 4 24 282 234 -)0 6 24 88 53 -4 8 24

0 2 24 212 203 -4 4 24 -12 0 -9 6 24 183 150 -3 8 24
1 2 24 199 193 -3 4 24 37 34 -8 6 24 ?6 30 -2 8 24

2 2 24 $2 64 -2 4 24 144 360 -7 6 24 49 46 -1 8 24

6

31
92

26
3 224 130 99 -1 424 25 20 -6 624 113 112 0 824 1

4224 26 3 0424 39 89 -8 ' 24 19 9 1 . 24 14
5 2 24 279 280 1 4 24 112 93 -4 6 24 63 64 2 8 24 5

6 2 24 8 2 2 4 24 14 13 -5 6 24 12 7 3 8 24 11
7 2 24 8 13 3 4 24 160 127 -2 6 24 41 59 4 8 24 62

8 2 24 806 432 4 4 24 -1 1 -1 6 24 36 8 8 8 24 -2
9 2 24 242 232 5 4 24 76 20 0 6 24 37 39 6 8 24 21

10 224 121 110 6 424 22 101 1 624 6 15 7 824 15
11 2 24 -3 14 ? 4 24 96 40 2 6 24 12 32 8 8 24 11

12 224 66 69 • 424 -6 15 3 624 9 6 9 $ 24 -36
13 2 24 12 4 9 4 24 -11 12 4 6 24 37 38 10 • 24 -23

18 2 24 -13 51 10 4 24 39 19 8 6 24 32 28 11 • 24 0
16 2 24 99 0 11 4 24 19 1 6 6 24 108 41 -13 9 24 129

17 2 24 9? 9 12 4 24 -11 21 ? 6 24 49 26 -12 9 24 83
-18 3 24 -19 O 13 4 24 64 30 8 6 24 56 49 -11 9 24 -2
-)7 3 24 38 30 14 4 24 8 2 9 g 24 38 0 -)O 9 24 -6

-16 3 24 46 9 15 4 24 -66 8 10 6 24 34 34 -9 9 24 40
-18 3 24 8? 56 16 4 24 2 10 11 6 24 -30 4 -8 9 24 22

-14 3 24 22 1 17 4 24 -1) 1 12 $ 24 -11 2 -? 9 24 4
-13 3 24 18 0 18 4 24 -4 4 13 6 24 106 12 -6 9 24 1

-12 3 24 18 1 -17 5 24 83 10 14 6 24 6 • -8 9 24 66
-11 324 2 20 -16 524 06 91 15 624 -9 15 -4 924 3

-10 3 24 1 11 -18 5 24 8 13 -16 ? 24 592 1 -3 9 24 3
-9 324 77 90 -14 824 28 32 -18 ? 24 139 1 -2 924

-8 3 24 31 14 -13 8 24 26 6 -_4 ? 24 59 46 -1 • 24 •
-? 3 24 42 82 -12 8 24 12 2 -13 7 24 68 10 0 9 24 7

-6 3 24 144 129 -11 5 24 28 7 -12 7 24 4 9 1 • 24 5

-b 3 24 19 42 -10 5 24 64 99 -11 7 24 18 3 2 9 24 24
-6 324 24 38 -9 524 140 147 -10 ? 24 -2 103 924 2

-3 3 24 -14 2 -0 5 24 30 8 -9 ? 24 63 22 4 9 24 19

-2 3 24 26 31 -? 5 24 40 31 o9 ? 24 -4 $ S 9 24 -31
-1 3 24 24 ? -6 5 24 31 42 -7 7 24 -16 1 6 • 24 0

-6 1 28 87 53 -11 3 28 6• 94 -16 8 28 87 3 -18 ? 25 -27
-8 125 253 260 -10 325 16 3 -18 $ 28 68 61 -14 ? 25 111
-4 125 183 183 -9 328 1 8 -14 S 28 -4 4 -13 725 -35

-3 1 25 -11 10 -e 3 28 50 63 -13 8 28 -1 0 -12 7 25 33
-2 1 25 283 256 -7 3 25 79 78 -12 8 25 30 18 -11 ? 25 11

-1 1 28 6? 59 -6 3 28 30 22 -11 5 25 36 60 -10 ? 25 -41
0 1 25 080 906 -5 3 28 3 10 -10 5 28 -5 18 -9 ? 25 3

1 1 28 24 39 -4 3 25 -16 $ -9 8 25 109 118 -9 7 25 2?
2 1 25 877 541 -3 3 28 260 304 -6 8 25 59 25 -7 ? 25 -10

3 1 25 11 4 -2 3 25 41 48 -7 5 25 29 10 -6 ? 25 -12
4 125 153 120 -1 325 -16 1 -6 525 2 7 -5 725 -17

8 1 28 ?9 84 0 3 25 68 64 -b 5 28 116 122 -4 7 25 31
6 125 18 20 1 328 19 1 -4 825 19 3 -3 ? 25 2

? 1 28 -13 0 2 3 25 23 14 -3 5 25 75 44 -2 ? 28 82

-1 10 24 32 150 10 24 31 89
21 1 10 24 22 24

0 2 10 24 68 12
3 3 10 24 57 2

0 41024 9 @

3 510240 0
SO 6 10 24 -18

2 11 24 3 4
119 -6 11 26 10

13 -S 1124 1• -4 11 24
? -3 11 24 318 3

1 -2 11 24 -4 0
25 -1 11 24 5 6

1 0 11 24 71 22

O 1 11 24 -13 3
132 1124 31 11

18 3 11 24 -40 0
2 4 11 24 -24 16

90 5 11 24 58 1
37 6 11 24 245

2 -4 12 24 -17 0

1S -3 1224 13 0
18 -2 12 24 26 8

19 -17 025 52 46

76 -15 0 25 238 222
1 -13 0 28 106 36

2 -11 0 28 451 436

12 -9 028 32 2?
32 -7 0 28 73 118

13 -5 0 25 2e 37
8 -3 0 25 269 253

0 *1 0 25 5•? 59?
0 1 025 541 565

1 3 0 25 411 396

_ _ 2825 ?:_ 74076

18 9 0 25 127 59
4 11 028 47 27

2 13 0 25 210 39
1 15 0 2b -17 8

26 -18 1 25 26 53
O -17 1 28 22 0

6 -16 125 73 59
3 -18 1 28 48 41

O -14 1 28 86 20
O -13 125 44 20
7 -12 1 25 90 94

21 -11 1 28 23 15
1 -10 1 25 737 746

7 -9 1 25 19 2
0 -6 i 28 9• 01

9 -? 1 25 54 4
9 0 • 28 14 19

3 1 9 28 -10 17
10 2 9 25 11 4

22 3 9 25 29 6
4 4 9 25 -24 4

2 8 • 25 • 26
20 6 9 25 15 4

26 ? • 25 -23 1
14 5 9 25 81 22

2 -9 10 25 -13 1
1 -o lO 28 3 6

10 -7 10 28 ? ?
4 -6 10 28 16 11

83 -81025 -13 30
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Table B.3, continued

H K L 0_1 Ca|c II I( L Ot_ CIIIC N E L _ Calc H K L _ Calc H g L •be Calc

..................................................

0 1 25 211 174 3 3 2S 237 l?l 2 S 28 • 9 1 ? 2_ 4b 3 4 10 25 45 33

S I 25 125

10 I 25 11

11 1 25 4

12 1 25 I0

13 I 25 1?

14 1 25 184

15 1 2S 63

I_ I 25 71

17 1 2_ 93

-18 2 25 134

-17 2 25 19

-Ig 2 2_ 65

-Ib I 25 b

-14 2 25 T3

-13 2 2$ -S

-12 2 28 84

-11 2 25 3?

-10 2 25 TO

-9 2 28 62

-8 2 25 34

-? 2 25 32

-6 2 25 ?

-5 2 2_ 34

-4 2 28 30

-3 2 25 45

9? 4 3 25 127 lbg -1 S 25 $6

10 S 3 25 197 193 0 S 25 25

22 6 3 25 12 17 1 $ 25 0

le 7 3 25 -1 11 2 5 25 22

0 8 3 25 O0 35 $ _ 25 -10

4 9 3 25 81 83 4 $ 25 43

44 10 $ 2$ 53 21 S S 2$ SO

34 11 3 2$ 31 10 6 S 2_ 21

1 11 3 28 78 8 7 $ 2_ 30

132 13 3 25 6? 2 8 $ 25 SO

51 14 $ 2$ -12 10 $ S 2$ 74

04 15 3 25 33 0 10 $ 2$ 11

$ 16 3 25 98 12 11 S 2$ 0

8_ 17 3 2$ -21 0 12 _ 25 °$

1 -18 4 25 20 26 13 $ 2$ -10

?G -17 4 25 -S 9 14 b 25 10

13 16 4 25 116 113 15 5 25 $S

03 lS 4 25 4 24 16 S 2$ 13

4b 14 4 25 2 20 lg g _b 48

40 -13 4 25 $4 | lS g 2$ 1T3

49 -12 4 25 $6 ?2 14 6 _b gO

17 11 4 25 31 33 13 6 25 132

11 10 4 25 13_ 131 12 g 2$ 31

32 9 4 25 2 ? 11 6 28 44

10 °| 4 25 24? 217 10 | 2_ 7

2 2 2S 199 202 7 4 25 66

1 2 25 4 26 • 4 25 113

0 2 25 61 49 5 4 25 O

1 2 25 90 ?2 4 4 25 429

2 2 25 48 36 3 4 2$ 13

3 2 25 ?b 44 2 4 25 40

4 2 25 235 212 1 4 25 25

5 2 25 2 | 0 4 25 25?

6 2 2$ 183 20? 1 4 25 132

? 2 25 16 1 2 4 25 249

8 2 25 1 4 3 4 28 0

9 2 25 201 182 4 4 25 135

10 2 25 130 126 5 4 2$ 139

11 225 ? 3_ • _ 28 172
12 2 25 32 ? 25 2?

13 2 25 15 23 | 4 25 167

lb 2 2$ 19 1 9 4 25 O?

16 2 2$ 34 18 10 4 25 51

17 2 25 8 5 11 4 25 •

18 3 25 58 34 12 4 25 28

17 3 25 4 24 13 4 25 15

18 3 25 11 13 14 4 25 5

15 3 25 50 42 lb 4 25 23

14 3 25 9 0 18 4 25 8

13 3 25 28 24 17 8 25 18

12 3 25 16 1 17 $ 25 56

6 1 25 122 153 11 3 26 22

5 1 28 28 38 10 3 26 108

4 1 26 401 409 9 3 28 14

3 1 26 14 26 • 3 26 86

2 1 28 381 384 ? 3 28 18

1 i 26 128 145 6 3 26 543

0 1 26 26 30 5 3 26 13

1 i 26 107 130 4 3 26 159

2 1 26 45 44 -3 3 26 6

3 i 28 164 124 2 3 26 19

4 1 28 154 102 1 3 26 ?

5 1 28 268 352 0 3 26 33

6 1 26 20 37 1 3 26 50

7 i 26 138 110 2 3 26 ?3

8 i 28 18 8 3 3 26 4

9 1 26 03 129 4 3 26 56

10 1 26 2 1 5 3 26 ?4

11 1 26 74 87 6 3 26 251

12 1 28 19 8 ? 3 28 18

13 1 28 24 41 8 3 28 178

14 i 26 39 0 9 3 28 19

15 1 28 80 56 10 3 28 164

16 1 28 25T 12 11 3 26 33

-15 2 26 23 44 12 3 26 115

18 2 28 )0 9? 13 3 28 52

17 2 28 36 40 14 3 26 87

18 2 28 59 63 15 3 28 76

15 2 28 154 93 18 3 26 4

14 2 28 13 42 18 4 26 49

13 2 26 29 6 17 4 26 35

12 2 26 26 111 16 4 26 40

11 2 26 184 187 15 4 28 14

10 2 26 32 38 14 4 28 58

8 2 28 451 429 13 4 26 8

-$ 2 28 265 271 12 4 26 34

7 2 28 84 74 11 4 26 21

6 2 26 5 18 10 4 28 25

5 2 26 188 181 9 4 28 35

21 -9 • 25 45

80 -8 8 25 -8

2 -? • 25 16

424 -G • 25 35

29 *b • 25 0

22 -4 6 25 ?
15 -3 • 25 25

254 -2 8 25 16

210 -1 • 25 24

210 0 • 25 49

0 1 6 25 3O

138 2 • 25 43

?6 3 6 25 62

130 6 • 25 27

20 5 6 25 15

148 8 • 25 5

19 ? • 25 ?0

10 8 8 25 48

0 5 • 25 121

12 10 • 25 -16

26 11 6 25 36

33 12 • 25 -22

1 13 8 25 -8

10 14 8 25 59

0 15 6 25 -20

0 -18 ? 25 -20

13 14 5 26 5

99 13 5 26 0

2 ]2 5 25 4

75 -11 5 2g 32

3 10 5 26 53

561 -9 b 26 47

4 -8 5 26 28
189 7 5 26 92

2 6 5 26 15

38 5 b 26 5•

0 4 5 26 62

12 -3 b 26 12

20 -2 b 26 2•

03 1 5 26 -2

11 0 5 26 35

112 1 5 26 62

42 2 5 26 26

223 3 5 28 2
20 4 5 26 1 3

186 5 5 28 ?
7 • 5 26 -25

122 7 5 28 29

0 8 5 28 50

8 9 5 28 54

$ 10 5 26 -22

54 11 $ 26 -12

8 12 5 26 8?

28 13 5 26 58

3 14 5 26 -73

16 15 5 28 66

5 18 5 26 39

2 18 8 28 20

• 0 -lb • 2• 4O

6 _14 8 26 23

0 -13 6 28 -4

13 12 8 26 17

0 11 6 26 42

33 10 • 26 0

4 2 26 152

3 2 26 5

2 2 26 141

1 2 26 181

0 2 26 184

1 2 28 0

2 2 26 22

3 2 26 74

4 2 26 145

5 2 28 146

8 2 28 21

? 2 28 45

8 2 26 28

152 8 4 26 20 0 -9 • 26 34

9 ? 4 26 119 135 8 6 26 43

133 6 4 28 17 8 ? 8 2• 24

178 5 4 26 52 73 8 6 28 ?3

124 -4 4 26 19 18 -5 8 26 -20

3 3 4 26 130 126 4 6 28 37

1 2 4 26 360 431 3 6 26 46

86 1 4 26 103 34 2 8 28 53

152 0 4 2• 8 64 -1 8 26 ?2

130 1 4 28 122 135 0 6 28 4

51 2 4 26 20 1 ) 8 26 13

31 3 4 28 2 10 2 6 26 12

32 4 4 26 29 29 3 6 26 58

25 0 ? 25 82 52 3 10 25 96 ?

9 1 7 25 4 9 2 10 25 89 0

? 2 ? 25 53 59 i 10 25 49 1

21 3 ? 25 0 1 0 10 25 15 13

6 4 7 26 135 151 I 10 25 40 0

13 $ 7 25 1• 1 2 10 25 18 4

17 8 7 25 _3 46 3 10 25 bO 2

1 7 7 25 ? 40 4 10 25 20 8

29 8 ? 28 _8 38 5 10 25 0 5

0 3 7 25 ?2 10 6 10 25 34 1

23 10 ? 25 3 0 ? 10 25 0 0

10 11 ? 28 42 5 ? 11 2_ • 3

1 12 ? 25 28 21 • 11 25 93 3

0 13 ? 28 ? 2 5 11 25 20 15

18 -13 $ 25 13 30 -4 11 25 19 18

• 1_ . ,3 12 , 3 11 25 27 18

4 -11 . ,5 21 4? 2 11 23 8 0

' 10 ' 25 -10 ? 1 11 25 5 1
1 . 2,5 ?o 5 01125 72 •

71 5 8 2, 25 $ I 11 25 58 2

o ? . 25 3, 53 2 11 25 34 0

92 -5 5 25 28 40 -18 O 26 42 59

41 -5 8 25 7 1 15 0 26 189 2?2

1 -4 5 25 • 35 -14 0 26 310 335

3 3 8 25 ? 2 12 0 25 341 286

55 2 8 25 35 2 10 0 25 153 139

3 -1 I 25 -9 15 -8 0 26 280 358

20 0 8 25 ? 2 -8 0 26 1 52

1 1 8 Zb 11 5 -4 026 3?0 420

2 2 8 25 10 10 2 0 26 147 176

22 3 8 25 13 39 0 0 26 236 198

1 8 8 26 13 ? 2 0 28 250 228

52 5 8 25 0 20 4 0 26 2•4 299

5 • 8 25 26 2 8 0 26 42 ?

25 ? 8 25 16 14 8 0 2• 187 155

5 $ 8 25 ?? 1 10 0 2• 3 4

?b 3 8 25 -34 9 12 0 26 23 2

28 10 8 25 166 2 14 0 28 3 29

19 11 • 25 -3 9 -19 1 26 40 2

21 12 9 25 38 0 18 1 26 18 42

1 11 9 25 3 0 17 I 26 43 5

38 10 $ 25 10 0 18 1 28 9 79

32 9 9 25 31 4 15 I 28 84 94

39 8 $ 25 9 0 14 1 26 2 0

1 -7 9 25 89 2 13 I 26 17 1

5 6 9 25 12 2 12 1 26 8 16

2 -5 9 25 41 24 -11 I 28 66 63

1 -4 9 25 26 27 -10 I 26 •2 75

• 3 9 25 3 14 9 I 28 349 408

I :I '25 -8 _ :_ 128 37 19 25 -23 I 26 824 590

2 11 7 26 104 4 $ 9 28 38 12

6 10 ? 28 2 9 ? 5 26 49 5

? -3 7 2• 24 ?3 8 9 26 18 3

16 -8 7 2• 88 1 8 10 28 1 0

42 ? ? 28 8 1 ? 10 26 17 1

41 -8 7 28 0 0 -8 10 26 32 5

2 -5 7 28 94 ?8 5 10 26 136 0

60 -4 ? 2• 35 0 -4 10 28 -52 44

6 3 ? 26 10 6 9 10 26 22 2)

82 -2 ? 26 28 5 -2 ]0 28 -33 0

51 1 T 28 23 2 i 10 28 9 2

21 0 7 26 18 3 0 10 28 21 7

28 1 ? 2• 53 0 1 10 28 -28 8

10 2 ? 26 26 b 2 10 28 21 14

3 3 ? 28 1 4 3 10 26 32 1

81 4 7 26 18 30 4 10 26 12 3

22 5 ? 26 -14 1 5 10 26 12 4

22 8 ? 26 4 ? • 10 2• -28 3

14 ? ? 26 107 28 7 10 2• -2 1

11 . ,28 .20 o ::.2, _ 11
9 ? 26 87 8 11 28 • 3

1 10 ? 26 -18 0 -3 11 26 -5 15

38 11 ? 2• 19 3 -2 11 2• 12 12

13 12 ? 2• 39 13 I 11 26 75 1

1 13 ? 26 13 38 0 11 26 11 5

8 13 8 2• -76 4 1 11 2• 20 1

0 12 8 26 8 • 13 0 2? 120 1 5

8 11 6 26 8 15 17 0 2? 122 78

0 -10 O 26 -15 9 -15 0 27 297 305

2 -5 8 26 19 0 13 0 27 208 224

5 -8 8 28 45 25 -11 0 2? 32? 324

19 -? $ 26 25 32 -9 0 2? ?92 739

0 • 0 26 11 19 7 0 27 3 3

49 -5 8 26 0 16 -5 0 2? ?31 753

0 4 • 28 45 11 3 0 27 1171 1082

5 -3 8 26 14 2 1 0 27 421 434

4 -2 8 26 -4 4 1 0 27 435 392

0 1 8 26 2 5 3 0 2? 49 43

26 0 $ 26 23 20 5 0 2? -6 3

63 1 8 28 13 7 ? 0 27 229 303

11 2 8 26 15 23 9 0 2? 81 58

63 3 8 26 10 6 11 0 27 148 14

0 4 8 26 15 0 13 0 27 -13 0

89 6 8 28 -8 2 15 0 27 27 0

25 6 5 26 36 ? 19 1 27 188 0

54 ? 8 26 9 15 18 1 2? 43 38

75 8 8 26 96 5 -17 i 2? 135 14

35 8 8 26 15 0 -16 i 27 46 27

3 10 8 26 17 ? 15 1 27 18 9

25 1) 9 26 27 0 -14 1 27 3? 37

80 -10 9 26 2 1 -13 1 27 44 12
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Table B.3, continued

H K L ¢t_ Cal¢ H K L _ Cal¢ H K L Obe Calc H K L Oh8 Calc H K L Cl=m Calc

20 2 21 30 17 _ 4 26 31
11 2 26 22 14 ? 4 24 e

12 2 26 17 23 | 4 2_ 126
13 2 25 13 0 • 4 26 3?
14 2 2g 22 0 10 4 2g 4

1_ 2 2g 2? $ _1 4 2g -10
16 2 21 32 1 12 4 26 b6

18 3 26 $9 8 13 4 26 46
17 3 2g g5 13 14 4 24 21

lg 3 2g 11 13 lS 4 26 36
15 3 2_ 24 $ 16 4 26 ?

-14 3 2_ I$ S| 17 5 26 88
13 $ 26 32 0 16 b 26 42

12 3 2_ 43 S2 lb b 26
3 I 2? 109 30 1 3 2? 1_

4 I 2? 24 3? 0 3 2? 33
I 2? 171 199 1 $ 2? e2

• 1 2_ 15 4 2 $ 2? b

? I 2? 46 33 3 3 2? 08

| 1 2? 320 272 4 3 2? 24
9 1 2? 26 21 5 3 2? b

10 1 27 235 1_9 g 3 2? 134
11 I 2? 15 g ? 3 2? 149

12 1 2? lS 59 | 3 27 1

13 1 2_ 4$ 12 9 3 2? 20
14 I 27 26 28 10 3 2? 19
15 I 2? 184 1 11 3 27 69

19 2 2? 19 1 12 3 2? 16
10 2 2? 4$ 4 13 $ 2? 43
17 2 2? 24 $4 14 3 2? 131

1$ 2 2? 1_ 1 15 3 2? 22
15 2 27 S 9 -lS 4 27 S$

14 2 2? 44 18 1_ 4 2? 9i
13 2 27 26 12 16 4 27 30

12 2 2? 32 16 15 4 27 39
11 2 2? 23 2_ -14 4 2? 16

10 2 2? 119 13_ 13 4 27 23
9 2 2? 19 2 -12 4 2? ?

8 2 2? 51 39 11 4 2? 71

1 b E 26 111
0 g $ 26 20

14 ? S 26 Zl
17 i 6 2g 4

9 S 6 26 3g
1 10 6 2g -1|
0 11 g 2g ?0

1 12 6 26 653
4 13 6 2g ?$

2 14 g 26 *25
0 15 7 26 31

2 14 ? 2_ 13
4 13 ? 26 gO

10 12 ? 26 -1
1 2 5 2? *4

0 1 $ 2? 11_
36 0 S 21 33

4 1 5 2? S2
132 2 $ 2? ?

11 $ 5 2? O?
3 4 $ 2? 3

141 $ 5 2? 139

121 • $ 2? 161
1 ? $ 2? 11

19 e 5 2? _g
10 9 $ 27 66

12 11 5 2? 11
9 12 S 2_ 63

4 13 S 2? 184
14 14 5 2_ 24
26 15 $ 27 87

g 25 G 2? ?

2? 14 6 2? 26
39 13 6 27 14

g 12 6 2? 21
0 11 6 2? 23

_9 10 6 2? 12b

13 9 6 2? 17
? 2 2_ 913 80? 10 4 27 107 133 | 6 27 40

6 2 2? 1 $ 9 4 27 12 2 ? g 2? 90
-5 2 2? 176 22? -S 4 27 91 66 $ $ 27 35
4 2 2_ 6 0 ? 4 2? 31 8 b 8 2? ??

3 2 27 2 lg 6 4 2? 112 124 4 6 2? 1$

2 2 27 38 22 5 4 2? ? 2 3 8 2? 2
1 2 2? 69 el 4 4 2? 153 153 2 $ 2? 20

0 2 2? b4 49 -3 4 27 S_ bl 1 g 27 29
1 2 2? 13 22 2 4 2? -1 9 0 g 2? -14

2 2 2? 22 3 1 4 2? 19 2 ) 6 27 24
3 2 2? 23 6 0 4 27 2? $ 2 $ 27 22

4 2 2? 114 141 1 4 27 5' 50 3 6 2? 19
4 05 2 2? 33 4S 2 4 27 110 145 _ 2?

6 2 27 1 5 3 4 27 12 18 5 6 2? 36

? 2 2? 2 0 4 4 27 9 23 6 S 27 10
8 2 2? -? 11 $ 4 27 -17 3 ? S 2? -44

9 2 2? 27 36 6 4 27 23 42 8 6 2? 39
10 2 27 27 1 ? 4 2? 27 2 9 6 2? 41

12 2 27 2? 12 $ 4 2? 9 8 10 6 27 123
12 2 27 15 5 9 4 2? -1_ 10 11 6 27 -45

13 2 27 115 29 10 4 27 33 2S 12 6 2_ 129
14 2 27 15 9 11 4 2? 93 6 13 6 2_ 22

15 2 2? 48 1 12 4 27 49 23 14 6 2_ 35
19 3 27 92 2 13 4 27 1_ 0 14 _ 2? 8e

18 3 2? 96 1 14 4 2? 81 14 13 _ 2? -_
17 3 2? 21 29 15 4 27 4 7 12 ? 27 41

16 3 2? 93 29 -1? 5 2? 2_ 13 11 _ 27 2
15 3 2? 9 9 1_ 5 2? 45 1 10 ? 2_ 41

-14 3 2_ 3? 13 -15 5 27 109 92 -9 ? 2_ 18

13 3 27 127 _2 14 5 27 _ 0 $ _ 2? 20
12 3 2? 56 9 13 5 27 65 10 ? ? 27 17

11 3 2? 48 14 12 5 2? 47 13 6 ? 27 30
10 3 2_ _ 54 11 _ 27 4 1 _ ? 27 24

9 3 27 _1 24 10 5 2? 30 b -4 ? 27 37

-| 3 2? 41 8 -9 _ 2? 75 45 -3 ? 2? 12
? 3 2? 132 8_ | $ 27 40 18 2 ? 2? 0
-6 3 2? 19 1 -? 5 2? 42 26 -1 ? 2? -1

-5 3 27 289 282 -6 $ 2? 0 0 0 ? 2? 25
4 3 2? 61 ?9 $ S 27 61 36 1 ? 2? )b

3 3 27 12 7 4 S 27 20 4 2 7 27 1,
2 3 2? 5 3 3 5 2? 64 105 3 ? 2? 17

-_ 2 2B 271 230 -S 4 28 6_ 3 -1 _ 25 -25
-5 2 28 41 5 -$ 4 2g 2? 0 0 _ 20 40

-4 2 2B -8 16 -4 4 2_ 23 29 1 6 28 29
3 2 28 3B ] 3 4 28 31 O 2 6 29 S

-2 2 28 7 2_ -2 4 28 28 37 . 3 S 28 30
-_ 2 28 49 S) -1 4 2e -4 1_ 4 S 28 6

0 2 28 115 103 0 4 28 49 28 5 6 28 0
1 2 29 -2 19 1 4 20 -17 1 6 6 24 2$

2 2 28 22 2? 2 4 25 15 4 ? 6 28 35
3 2 28 14 11 3 4 28 23 4 O 6 28 32

4 2 29 10 0 4 4 2$ 26 11 9 _ 29 105

5 2 29 22 2S S • 29 43 2 10 6 28 17
2 20 1 33 _ 4 25 S5 11 11 _ 28 $

? 2 2e 6_ 32 ? 4 20 67 13 12 _ 21 9

8 2 28 58 22 8 4 29 11 14 13 _ 2g 35
9 2 28 36 34 9 4 25 -$5 _ 13 _ 20 230

10 2 28 9 1 10 4 28 35 1 12 ? 29 12

)1 2 2e 39 5 11 4 28 23 0 11 7 29 14
12 2 28 0 0 12 4 28 -? 34 -10 ? 28 -14

13 2 28 4? 10 13 4 20 42 ? 9 7 28 26
14 2 28 10 0 14 4 28 34 2 -8 7 28 29

-19 3 28 56 17 -16 S 28 -9 52 -? ? 28 -3

115 -| 9 2_ -S 0 11 I 2? • 27
2 ? $ 2E 2 0 10 1 2? S60 _73

17 *g $ 2g -31 12 9 I 2? gO ?S

0 *$ $ 2_ 44 20 -O I 27 39 10
34 -4 $ 2_ 12_ 12 ? I 2? 190 20B

3 3 _ 2_ 10e 14 _ 1 2? 11 15

It -1 Sl 26 9 2? 25 239
2S 0 D 2g 23 1 3 1 2? ? 47

0 1 9 21; 2_ 0 2 1 27 343 325
1_ 2 _ 26 3S 13 1 1 2"/ 91 84

4 $ !) 26 _ 6 0 1 27 224 213
17 4 9 2_ 4 _ 1 1 27 3 ?

23 S 9 26 2 2 2 I 27 131 129
0 4 ? 2? 45 S 1 11 27 65 8

139 5 _ 2"; S 4 0 11 2"/ 28 11
i t ? 2"/ lS 0 -10 0 21 -40 g

g$ ? "; 2? -1_ 2 -14, 0 25 7$ 22

2 e ? 2_ S3 5 -14 0 2e 14 29

100 9 7 2? 32 4 -12 0 2e 61 1
10 _ 2? -9 0 10 0 28 90 2?

102 11 ? 2'1 11 0 $ 0 20 4_9 39e

119 12 7 27 & 0 4 0 29 10|5 1062
23 12 I 2"/ 227 1 4 0 28 14 11
40 11 _ 27 13 1 2 0 20 23 5

70 10 II 2? 1 11 0 0 21 _5 0
4 9 8 2? 19 3 Z 0 21) 20 1

11 _ $ 2? 16 4 4 0 28 £e 17
32 '7 _ 2"/ 2 ? $ 0 2| 107 251

. . . 27 14 2.02.111 4'
3 5 '27 2 1300 1 2' 17 2
? 4 II 2"; 57 $ 12 0 20 43 3

$ 3 I 2_ -6 2 14 0 28 189 41
2 2 I 2"7 3$ 0 19 I 2e -6 $

? 1 e 2"1 3 4 18 I 20 2? 12
0 0 e 2_ 25 2 17 I 2D 35 49

1 1 I 2'7 3 2 16 1 2D 169 2 8 Z? 18 14 15 I 28 li 10

$ 3 8 2? 19 1 14 I 28 55 20
65 4 8 2? 12 20 13 1 20 52 54

10 $ 8 2? _3 1 12 I 28 0 O
1 iS 8 2? 4? 2 -11 I 20 237 202

_1 ? 8 2? 4 0 10 I 28 ? 17

2 II 8 27 -23 ? -9 1 28 109 119

14 9 $ 2? _e, 0 -8 1 28 $ 1
24 10 8 27 0 0 ? 1 28 _ 3

1 10 9 2? -).9 18 6 1 2e S4 69
4 -9 9 27 -22 S -S 1 28 254 25_

4 $ 9 2? 2 4 4 1 28 lS 1
S13 ? 9 27 lb 1 3 I 2e 201 14

12 -_ 9 27 11 3 2 I 2| | 5

0 b 9 27 . 1 1 I 28 142 145

2 -4 927 0 2 0 I 29 29 39
2 3 9 2? t) 0 1 1 28 171 182
2 -2 9 27 ? 10 2 I 28 45 20

1 1 9 27 17 0 3 1 20 188 199
4 O 9 27 33 0 4 I 28 16 50

2 1 9 2"/ 11 1 $ I 28 2 1
1 Z 9 2? 8 11 6 1 20 21 23

0 3 9 2"/ 4 14 ? ) 28 34 71
1 4 9 2? 18 O 8 1 28 19 1

14 b 9 2"/ 16 O 9 1 28 30 17
)e S 9 2_ 1 15 10 1 20 39 21

? ? 9 2? 42 1 11 1 20 $ 7
15 7 10 2";' -38 3 12 1 28 35 4

1 -6 10 2? -38 2 13 1 20 65 8
38 -5 10 2"/ 1(. 2 14 1 28 42 12

49 -4 10 2"/ 2? 5 -19 2 28 10 2
22 3 10 2"/ 58 2 18 2 28 62 2

20 -:' :o 2? q'_ o -]? 2 2e _2 _
43 -1 10 2"/ 15 1 -16 2 28 36 33

2 0 10 2? 29 1 1_ 2 28 -6 44
42 1 10 2"7 52 0 14 2 28 30 9
41 2 10 2"7 10 0 13 2 28 6 36

9 3 10 2_ 74 1 12 2 28 • 11

18 4 10 2"/ 23 10 11 2 20 1_2 16"/
0 $ 10 2'7 398 3 30 2 28 9 6
0 _ 10 2? 81 0 9 2 28 21 ?

0 3 31 2_ -2 2 8 2 20 15 $
24 -2 11 2"t 4 0 -? 2 2' -10 3

31 -3 9 20 -2 2 9 1 29 35 0

' 2 , 2' 35 0 10 i 29 49 4?
14 1 , 28 -2 1 11 i 29 23 4

19 O 9 28 3(; 8 12 1 29 23 23
6 1 9 29 17 9 13 1 29 99 5

1"/ 2 9 28 65 24 -19 2 29 25 13
i 3 _l 28 2? 12 18 2 29 31

45 4 9 28 11 3 17 2 29 S9 72
35 5 9 28 6 11 16 2 29 35 10

2 IS 9 28 19 3 -15 2 29 -6 1

]1 ? 9 28 11 5 14 2 29 30 28
? 5 10 28 311 2 13 2 29 2? 3

b -4 10 2' 41 13 12 2 29 96 '?
0 -3 10 28 133 1 11 2 29 9 14

0 -2 10 2e -/4 0 -10 2 29 128 176
3 1 10 20 38 1 -9 2 29 ?0 31

9 0 10 28 130 0 -II 2 29 44 34
2 I 10 28 63 3 _ 2 29 0 8

2 2 10 28 8 1 -6 2 29 51 43
10 3 10 28 1 1 -S 2 29 -6 1

1 4 10 29 39 1 -4 2 29 67 46
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Table B.3, continued

H K 1, _ Ca1©

-28 3 28 152

-17 3 20 96

-16 3 20 -9

-IS 3 20 -25

-14 3 20 24

-13 3 20 10

-12 3 2e 2O

-11 3 20 -24

-10 3 20 _2

-9 3 28 -22

-| 3 2O 36

-7 3 20 40

-4 3 20 39

-S 31 20 IS

H K h Obt Calc H K h Olue Calc H K b (_IM Calc H K L Oleo _1c

17 -14 5 20 11S 63 -S • 28 31 IS -17 0 29 -_0 lS . . 29 •_ 9

16 -13 S ZO Z 4 -4 ? 20 Sg 3S -15 0 Z9 -34 60 -1 2 29 17 11

0 -12 $ 28 -34 4 -3 ? 28 62 20 -13 0 29 -6 57 0 2 29 9 16

1 -31 S 20 34 1 -2 ? 2e 24 4 -11 0 29 70 42 I 2 29 54 2E

10 -10 $ 28 4S ? -1 7 20 £S O -9 0 29 250 2?0 2 2 25 41 25

23 -9 5 20 102 52 0 7 20 41 15 -7 0 29 62 5 3 2 29 10 10

3 -0 S 20 S3 S| 2 7 20 10 30 -5 0 29 295 306 4 2 2S 0 1

2t -? S 20 37 20 2 7 20 24 2 -3 • 2S 31 10 5 2 29 ? 0

1 -6 S 20 52 33 $ 7 2e el S6 -1 0 2J -1 0 _ 2 29 30 0

28 -S 5 2e -s 1 4 ? 2e 63 9 1 0 29 10 3 7 2 2t -1 10

13 -4 5 Ze 20 19 5 ? 20 94 77 $ 0 2S 27 24 e 2 29 32 ?

lS -3 5 20 5 S • ? 20 66 49 S 0 29 122 2 9 2 29 -22 0

4 -2 $ 20 24 12 7 7 28 27 37 7 0 29 46 29 10 2 29 25 22

0 | ? 2e -2_ 0 9 0 29 177 10 11 2 29 25 2

IS , 7 2' -23 1' 11 0 29 4' 1 12 2 29 70 1

2 10 7 2' 21 ? 13 0 29 103 5 13 2 2, • 0

10 11 ? 2e -$ 10 -19 1 29 76 7 -18 3 29 1_6 2

0 12 7 20 -21 S -10 1 29 23 40 -17 3 29 O0 44

30 -11 I 20 74 0 -17 1 a9 19 13 -16 3 29 48 1

1 -10 0 20 2 10 -15 I 2t 102 55 -1_ 3 29 |4 6

7 -$ 0 28 11 1 -XS I 29 g 0 -14 3 29 92 2S

2S -O 8 20 O 31 -14 I 29 3S 15 -13 3 29 69 30

20 -7 I 20 7 1 -13 I 2S -19 42 -12 3 29 50 4

1 -$ O 28 2 0 -12 2 29 26 4? -11 3 29 52 03

$ 5 0 20 O 17 -1_ _ 29 E6 20 -10 3 29 19 32

-3 O 20 S4 $0 -9 I 29 191 221 29

-O 3 2 $

-2 O 20 50 1 -O 2 29 -10 S -? 3 29 144 Z33

2 -1 O 20 S 14 -? 1 29 33 58 -6 3 29 51 41

1 0 O 2e -2 8 -6 1 29 03 68 -5 3 29 70 69

4 1 $ 20 S3 O -$ 1 29 118 122 -4 3 29 41 21

2 2 O 25 0 10 -4 I 29 200 196 -3 3 29 38 23

29 3 S 28 2e 4 -3 I 29 9 20 -2 3 29 -13 20

2 4 8 2e -20 13 -2 1 29 160 194 -1 3 29 29 3?

? 5 8 28 11 1 -1 1 29 2? 16 0 3 29 _24 5

?6 6 $ 20 47 17 0 2 29 225 103 1 3 29 36 1

? ? O 20 45 0 1 I 29 216 211 2 3 29 19 5

4 8 8 28 -20 3 2 1 29 209 187 3 3 29 11 13

1 9 0 2e 2 3 3 I 29 133 145 4 3 29 15 2

1 e 9 20

18 -? 9 20 0 5 5 29 -30 6 29 35 1

-| 6 6 I 2_ 44 46 7 3 29 O 319 -6 9 20

10 -S 9 20 2_ 3 7 i 29 -29 17 8 3 29 -1 35

5 6 O 29 -45 0 4 1 30 107 122 $ 3 30 O? 06

0 ? 8 29 27 5 5 1 30 42 5 9 3 30 49 1

3 8 O 29 -2_ 1 i 1 30 10 0 10 3 30 60 11

0 9 O 29 -le 0 ? 1 30 45 37 11 3 30 44 1

1 -? 9 29 126 19 O I 30 363 30 -16 4 30 59 40

0 -6 9 29 22 12 10 1 30 0_ S -15 4 30 -IS 10

1 -_ 9 29 49 14 11 I 30 20 23 -14 4 30 6? 39

14 -4 9 29 50 11 12 I 30 15 27 -13 4 30 O 2

15 -3 9 29 32 1 -19 2 30 16 16 -12 4 30 99 3

$ -2 9 29 -2 4S -10 2 30 -?3 S -11 4 30 32 2

?2 -1 ' 29 15 ' -17 2 $0 102 6 -10 4 30 ?O 14

2 0 9 29 44 1 -1E 2 30 25 19 -9 4 30 ? 1

19 1 9 29 40 1 -15 2 30 -34 3 -e 4 30 4_ 9

12 2 9 29 -6 17 -14 2 30 64 1 -7 4 30 4? 0

17 3 g 29 98 35 -13 2 30 19 3 -6 4 30 ? 2_

45 4 9 29 0 18 -12 2 30 -11 1 5 4 30 -17 0

O 5 9 29 55 1 -11 2 30 70 58 -4 4 30 -21 0

41 6 9 29 4 2 -10 2 30 -23 4 -3 4 30 33 13

9 -3 10 29 32 1 -9 2 30 39 4 -2 4 30 3? 3

1 -2 10 29 -O0 0 -$ 2 30 -19 1 -1 4 30 29 0

0 -1 10 29 -19 1 -? 2 30 96 51 0 4 30 21 1

O 0 10 29 122 1 -6 2 3Q 16 9 1 4 30 11 2

0 I 10 29 09 3 -5 2 30 29 0 2 4 30 26 4

3 2 10 29 35 3 -4 2 30 -5 13 3 4 30 30 13

? 3 10 29 303 3 -3 2 30 21 3 4 4 30 26 0

O -20 0 30 ?26 1 -2 2 30 28 0 _ 4 30 -9 0

0 -10 0 30 -80 14 -1 2 30 100 65 _ 4 30 14 12

13 -1_ O 30 -S4 20 0 2 30 -22 30 _ 4 30 99 10_

4,-14030-4_ "1230 1 _8430-2" 1
1-12030 53 1 2230 1 9430 4

1 -10 0 30 10 29 3 2 30 -1_ 18 10 4 30 -3 0

9 -8 0 30 137 179 4 2 30 45 44 11 4 30 17 0

13 -_ 0 30 62 31 $ 2 30 44 33 12 4 30 15 2

0 -4 O 30 47 _O _ 2 30 -20 ? -14 5 30 10_ 24

-2 0 30 100 32 7 2 30 15 41 -13 5 30 -1 2

2 0 0 30 -23 4 O 2 30 -9 7 -12 5 30 159

10 2 0 30 3G 9 9 2 30 20 3 -11 5 30 91 10

29 4 0 30 6 2 10 2 30 -37 9 -10 5 30 20 3

14 6 0 30 -4S 0 1_ 2 30 fi3 1 -9 5 30 -5 0

19 O O 30 41 $ 12 2 30 64 0 -O 5 ]0 1_ 37

1 10 0 30 -3_ 0 -1| 3 30 120 7 -? 5 30 42 1

3 12 0 30 -2_ _ -17 3 30 5_ O -£ 5 30 27 6

0 -1_ 3 30 2 10 -5 5 30 40 S

0 -15 3 30 49 2 -4 5 30 3? 10

11 -14 3 30 -1_ _ -3 5 30 9 16

33 -13 3 30 3_ 5 -2 5 _0 17 1

? -12 3 _0 _6 52 -1 _ 30 18 0

5 -11 3 30 68 40 0 _ 30 _6 5

4 -10 3 30 2?4 209 1 5 30 -13 0

10 -9 3 30 27 1 2 S 30 28 11

13 -8 3 30 229 162 3 $ 30 45 12

10 _ -9 O 29 9_ 4 -11 1 30 171 03 -_ 3 30 -19 _ 4 5 30 _9 60

6 16 -8 O 29 0 4 -10 1 30 132 109 -6 3 30 16_ 394 5 $ 30 37 3_

21 17 -? _ 29 _5 2 -9 I 30 10 13 -5 3 30 18 16 6 5 30 -50 31

-1 32 -_ $ 29 -10 O -0 I 30 101 70 -4 3 30 94 117 _ $ 30 85

35 34 -5 8 29 16 O -_ 2 30 S5 20 -3 3 30 29 17 8 5 30 44 2_

5 3 -4 O 29 6 2 -6 I 30 1_0 175 -2 3 30 18 _1 9 5 30 -2_ 34

SO 4 -3 9 29 31 1 -5 1 30 96 64 -1 3 _0 -23 5 10 _ 30 34 13

-4 14 -2 8 29 20 1 -4 i 3D 20 _ 0 3 30 151 150 11 5 30 6 25

-4 $ 20 134 12_ -1 S 20 14

-3 3 2e 1S

-2 3 20 )g

-1 3 20 2g

0 3 20 3S

3 3 20 _O

4 3 20 2S3

S 3 28 19

S 3 2e 3?

? 3 28 212

e 3 20 2e_

3 28 39

10 3 20 -2

11 3 20 -10

12 3 28 9

13 3 28 2

14 3 28 -4 3

-17 4 20 ?0

-1_ 4 20 -34

-1_ 4 2e 18

-14 4 20 30

-15 4 20 5_

-12 4 20 -20

-11 • 20 -7

-10 4 2' -11
-9 4 20 -23

9 3 29 13

10 3 29 93

11 3 29 95

12 3 29 -93

13 3 29 -5_

-17 4 29 06

-1_ 4 29 1_3

-15 4 29 3_

-14 4 29 _5

-13 4 29 12

-12 4 29 43

-11 4 29 25

-10 4 29 1)

-9 4 29 110

-8 4 29 4

-7 4 29 30

-, 4 29 '
-S 4 29 53

-4 4 29 50

-3 4 29 ?

-2 4 29 -1_

-1 4 29 9

0 4 29 35

l 4 29 22

2 4 29 22

3 4 29 5

4 4 29 32

S 4 29 -31

4 29 4e

? 4 29 24

O 4 29 22

4 29 6_

10 4 29 3

11 4 29 10

12 4 29 _1

13 4 29 158

-15 5 29 85

-14 5 29 -26

-13 5 29 70

-12 5 29 49

-11 5 29 -10

-10 5 29 40

9 5 29 76

O $ 29 2

-7 $ 29 3e

-6 5 29 44

-5 5 29 59

-4 5 29 30

-3 5 29 70

-2 b 2_ 46

• -1 b 29 24

_ 5 295 29

2 5 29

3 $ 29

4 b 29

5 5 29

$ 5 29

? 5 29

49 0 S 24 34

34 1 $ 2e 41

2O 2 $ 28 2S

23 3 5 20 39

3 4 S 20 31

113 5 S 20 2

31 6 S 20 -31

185 ? S 2e 7S

0 O $ 20 30

1 9 b 20 -Sb

191 10 b 20 19

251 11 5 20 32

23 12 $ 20 17

9 13 5 20 -21

"/ 14 5 20 3?

33 -15 6 20 32

0 -14 0 20 32

24 -13 6 2e 0

35 -12 6 20 60

0 -11 _ 28 -40

19 -10 6 20 49

2 -9 6 28 27

3 -8 (_ 20 67

2 -? 6 28 19

11 -6 6 20 11

11 -S i, 20 2IS

22 -4 • 20 21

0 -2 I_ 20 SO

3_ -13 6 29 -11

$ -12 $ 29 17

3 -11 6 25 39

4 -10 IS 29 4

21 -9 $ 29 33

0 O _ 29 6

13 -7 6 29 23

4 -6 4; 29 16

32 -5 _ 29 40

17 -4 _ 29 20

1 -2 6 29

32 -1 6 29 O/

36 0 6 29 19

38 1 & 29 35

5 2 $ 29 65

37 3 6 29 35

15 4 6 29 84

60 5 6 2_ -24

26 6 _ _ _3

? ? $ 29 -3

1 8 _ 29 -59

65 _ _ 29 b4

1 10 Ii 29 -12

20 11 & 29 -30

13 12 _ 29 1224

21 -12 ? 29 54

? -11 "/ 29 2

5? -I0 ? 29 3 2

5 -9 ? 29 -9

10 -$ "7 :'S -'1

$ -? '7 29 24

11 -6 ? 29 13

4 -5 ? 29 -10

0 -4 ? 29 0

2 -3 ? 2_ -2

13 -2 ? 29 13

1 -1 "/ 29 50

11 0 7 2_l 28

4 1 ? 29 80

1 ? 29 39

44 4 ? 29 13 . I0 "-20 I 30 -1

2 $ ? 29 _$ O -19 1 30 -34

75 6 7 29 -23 3 -10 I 30 60

16 7 7 29 14 9 -17 I 30 43

38 8 7 29 _ 1 -16 1 30 -1

73 9 ? 29 -20 10 -15 I 30 -51

6 10 ? 29 9 4 -14 I 30 109

34 11 '1 2_ 32 0 -13 1 30 40

0 -10 $ 29 71 _ -12 1 30 -7
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Table B.3, continued

H Iq L ¢lm Calc H K L Obe r.slc H K L Ot:,e "-It H K L Ctm Ca, lc H K L 042,8 Calc

............................................. _ - - - -, _2, -_, 1 -_ *z, 1, 1, -, 1,o ,, lot : 3,o ,, : -. ,,o -32 o
9 s 2_ -? o o e :s ,s , -2 I _o -12 : 2 3 3o 124 1t2 -12 , 30 82 2

10 5 29 33 1 1 e 29 -10 21 I I 30 4, 50 3 3 30 36 11 11 , 30 3 0

11 5 24 23 1 2 | 29 14 0 0 I 30 32 25 4 $ 30 3? 65 10 , 30 10 0

22 S 29 ?3 0 3 O 29 10 $ 1 I 30 39 4 5 3 30 $2 13 -9 , 30 4E 22
13 5 29 24 2 4 e 29 44 2 2 1 30 212 206 g 3 30 12 1 -8 , 30 1 0

14 , 29 15 15 S , 29 51 41 3 2 30 13 2 ? 3 30 9? 43 ? 6 30 17 2
, 6 30 41 1 4 9 30 23 1 2 2 21 22 2 ? 4 31 67 0 , ? 31 10 2

$ ' 20 8 0 $ 9 30 3? t 1 2 31 53 S , 4 31 S4 O 7 ? 31 9 2

-4 , 30 34 st -lt 0 3; 214 _ 0 2 32 4, 4 9 , 3x 52 ; e 7 31 30 ;

3 , 30 50 42 17 0 31 725 3 1 2 31 10 36 10 4 31 1 0 , , 31 $2 8
2 , 30 25 15 15 0 31 ? 1 2 2 31 ?0 21 11 4 31 1• 5 5 O 31 t 1 0
1 , 30 20 1 13 0 31 24 1 3 2 31 13 1, 24 5 31 , 17 4 , 31 43 0

O , 30 *t 1 21 0 31 25 2 4 2 31 38 40 13 5 31 23 33 3 O 31 2 1
I * 30 *4 2, -• 0 3; 1,5 221 5 2 32 -3 3 -12 5 32 12 0 -2 , 3; 6 2

• 2 , 3o 11 , -7 o 31 3• 4• * z 31 -3 4o -11 s 31 31 ? -1 m 31 7, o
3 , 30 ,, 3 -5 0 31 -,2 21 _ 2 31 -_ 1 -20 5 31 44 57 0 , 31 o 2

4 , 30 •3 21 -5 o 31 3? 9 , 2 3_ lo4 12 • 5 31 21 *o 1 , 31 ,

5 , 30 lo 1 -I o 31 -12 22 9 2 31 ?5 2 -m s 31 -20 z 2 m 3x Im m
, , 30 55 0 _ 0 31 24 55 lo 2 31 2 o -? 5 3x -23 37 3 m 31 24 1

7 , 30 -1 _ 3 o 3_ 9, x• _ 2 3_ -3 0 -, s 3: mo *2 4 m 3x 3, 3

, , 30 -3 3 5 0 31 -,0 s -17 3 31 97 12 -5 s $1 40 46 5 , 31 2? 2
9 ' 30 11 0 ? 0 31 117 20 16 3 31 262 t 4 S 31 15 3 6 | 31 19 1

10 ' tO 0 4 t 0 31 1' 18 15 3 31 35 1 3 5 31 34 17 1 • 31 65 3
11 ' 30 21 1 11 0 31 40 ? 14 3 31 141 2? 2 b 31 30 3 0 S 31 -35 2

11 ? 30 00 10 29 I 31 280 , -13 3 31 20 3 -1 5 31 10 ? 1 • 31 20 14

10 ? 30 20 10 10 1 31 4 3• 12 3 31 41 • 0 S 31 -10 2 2 • 31 39 0
9 ? 30 83 72 17 I 31 -26 2 -11 3 31 14 11 2 b 31 32 11 18 0 32 ,9 4
O ? 30 7 0 16 1 21 ,1 52 10 3 51 40 5 2 5 31 3 2 1, 0 32 2 2 5
? ? 30 15 22 -15 2 3; -27 3 -t • 3; 53 ;4 3 5 31 24 5 -;4 0 32 ,3 2

' ? 30 15 0 14 1 31 34 66 $ 3 31 54 32 4 b 31 14 2 12 0 32 10 0

-5 ? _0 ?5 5; -13 ; 3; _; _? -? 5 3; 0 4e 5 5 3x -;5 _? -_0 0 32 2_ 3
4 ? 30 40 5 12 1 31 172 115 , 3 31 20 ' 6 5 31 3 1 O 0 32 51 9 ?

3 ? 30 3? 29 11 1 31 14 6 b 3 31 50 6 ? 5 31 170 33 ' O 32 • 23

2 ? 30 17 16 10 1 31 ]b? 143 4 3 31 20 2 0 5 31 20 17 4 O 32 174 191
1 ? 30 74 28 9 I 31 00 137 3 3 31 19 11 9 b 31 38 2 2 0 32 4' 30

0 ? 30 29 ' 8 1 51 7 25 2 3 31 3 3 10 b 31 6 4 0 0 32 66 0
1 ? 30 6 32 ? 1 31 1, 0 1 3 31 24 2 11 , 31 13 15 2 0 32 236 15 e

2 ? 30 44 1 -6 1 31 79 40 0 3 31 1 1 10 $ 31 26 4 4 0 32 51 30
3 ? 30 0 30 b 1 31 130 110 1 3 31 128 40 9 , 31 1, 11 6 0 32 2 59

4 ? 30 10 19 4 1 31 148 144 2 3 31 24 10 -0 ' 31 0 3• I 0 32 22 ?
5 ? 30 3 0 3 I 32 70 54 3 3 31 94 97 ? ' 31 45 , 10 0 32 220 29

6 ? 30 23 5 2 1 31 127 108 4 3 31 15 34 ' ' 31 TO 4 13 I 32 134 4
? ? 3D 9 17 1 1 31 11 0 5 3 31 32 33 5 6 31 1 0 17 1 32 33 32

8 ? 30 1 0 0 I 31 9 33 ' 3 31 30 15 4 ' 31 ? ' 1' 1 32 S 0
9 7 30 32 • 1 1 31 32 4 ? 3 31 '9 ? 3 ' 31 3 10 15 1 32 41 14

10 ? 30 13 3 2 2 31 46 50 8 3 31 113 82 2 ' 31 22 41 14 i 32 4? 2
0 0 30 123 2 3 1 31 13 10 9 3 31 29 4 1 ' 31 41 59 13 1 32 6' 42

? ' 30 0, 17 4 I 31 120 46 10 3 31 24 6 0 ' 31 10 4? 12 I 32 113 24
6 0 30 16 ? 5 1 31 25 14 11 3 31 44 ' 1 6 31 20 15 11 1 32 41 40
5 , 30 30 5 • 1 31 93 117 16 4 3] 29 20 2 6 31 25 2? 10 i 32 45 20

-4 0 30 35 0 _ I 3_ -0 0 -15 4 31 75 4 3 , 3; 3, 3_ -0 _ 32 52 42
-3 4 30 -5 _ , _ 3_ -50 33 -34 4 3_ 0 z 4 , 3_ 30 0 -e _ 32 _03 e,
-2 O 30 3) 12 9 1 31 -2? ]1 -13 4 31 -23 0 b ' 31 6? 32 -7 1 32 21 I

1 ' 30 9 2 10 1 31 42 ]2 12 4 31 07 40 6 ' 31 28 8 ' 1 32 22 34

0 $ 30 14 7 11 1 31 -19 0 11 4 31 37 1 ? 6 31 4 6 5 1 32 77 112
1 8 30 10 3 19 2 31 65 )1 10 4 31 10 5 5 ' 31 41 0 4 i 32 41 6

2 8 30 20 16 14 2 31 0 12 -9 4 31 17 1 9 ' 31 15 3 3 1 32 94 53
3 8 30 34 0 17 2 31 10 3 @ 4 31 2 5 9 7 31 •3 3 2 1 32 70 11

4 0 30 16 0 16 2 31 05 0 ? 4 31 51 ? e 7 31 •4 0 1 1 32 31 42
5 8 30 54 ? -15 2 31 -31 1 -, 4 31 0 0 -? ? 31 34 3 0 1 32 07 40
6 B 30 0 ? 14 2 31 23 21 5 4 31 40 12 ' ? 31 28 $ 1 1 32 49 23

7 8 30 109 0 13 2 31 21 1 4 4 31 12 0 5 ? 32 0 3 2 I 32 17 55
8 8 30 -26 2 -12 2 31 94 8 -3 4 31 33 1 -4 ? 31 -31 O 3 1 32 34 32

5 3 30 97 0 11 2 31 1' 0 2 4 31 O ? 3 ? 31 32 0 4 I 32 95 1

-4 9 30 10 10 -10 2 31 -27 ' -1 4 31 -22 0 -2 ? 31 11 0 5 1 32 ?3 39
3 9 30 1 2 9 2 31 15 15 0 4 31 ~6 3 1 ? 31 30 ? 6 1 32 58 1

2 9 30 30 2 -8 2 31 21 1] 1 4 31 15 18 0 ? 31 -33 5 ? 1 32 45 2?

1 9 30 19 1 ? 2 31 40 12 2 4 31 10 1 1 ? 31 55 0 ' ) 32 ? 0
0 9 30 5 12 -6 2 31 72 83 3 4 31 -15 0 2 ? 31 -? , 9 I 32 -2 4

1 • 50 77 4 5 2 31 3 50 4 4 31 20 25 3 ? 31 -46 7 10 ) 32 198 2

2 9 30 33 0 4 2 31 2 3 5 4 31 14 13 4 ? 31 17 23 18 2 32 I? 5
4 3 2 31 12 • 4 31 30 32 5 ? 31 58 14 17 2 32 -34 03 9 30 06 0

-16 2 32 65 ? -3 4 32 2 ? 4 ? 32 b? 5 -3 2 33 1 5 -? 5 33 SO 1
-_5 2 32 20 s -2 432 45 35 5 ? 32 -33 20 -2 2 33 -_2 2 -, 5 33 32 I
14 2 32 73 0 1 4 32 '' 12 ' ? 32 30 0 1 2 33 20 0 5 5 33 4 5

13 2 32 41 2 0 4 32 ?4 9 4 0 32 26 0 0 2 33 201 17 4 5 33 17 0
-12 2 32 50 1 1 4 32 2 6 3 8 32 10 4 1 2 33 92 3 3 5 33 9 1

11 2 32 13 2 2 4 32 21 2 2 8 32 22 4 2 2 33 25 16 2 5 33 43 2
10 2 32 45 21 3 4 32 2 1 1 8 32 24 10 3 2 33 17 0 1 5 33 71 3

0 2 32 12 18 4 4 32 54 0 0 0 32 34 2 4 2 33 40 44 0 5 35 29 0

8 2 32 45 43 S 4 32 161 43 1 0 32 9 13 5 2 33 23 12 1 5 33 25 3
? 232 2' 0 '432 15 0 2832 45 2 '233 '9 ' 2533 47 0

-6 2 32 30 15 ? 4 32 -3b ? 3 8 32 495 0 ' 2 33 -59 • 3 5 33 1 1
5 2 32 21 0 ' 4 32 21 3 -17 0 33 13 2 8 2 33 42 0 4 5 33 15 24

4 2 32 17 4 3 4 32 30 1 ;15 O 33 38 46 16 3 33 ? 1 5 5 33 37 32
3 2 32 51 24 13 5 32 14 5 13 0 33 235 2 15 3 33 51 31 6 5 33 24 19

4 14 3 33 23 23 7 5 33 9 0-2 2 32 1 10 12 S 32 54 1 11 0 33 42
1 2 32 12 5 11 5 32 43 1 9 0 33 76 10 13 3 33 70 1 10 6 33 31 2

0 2 32 35 0 10 5 32 43 _ 7_33 0 6 12 3 33 126 3 9 , 33 ? 121 232 20 ' -9 b 32 ' 3 -5 33 10 10 11 333 70 17 8 '33 74 2

2 2 32 ' ' -6 S 32 ?0 14 3 0 33 29 2 10 3 33 54 5 ? • 33 '? 25
3 2 32 15 2 -? 5 32 9 17 -2 0 33 132 212 -9 3 33 119 63 -6 6 33 213 0
4 2 32 67 2 6 S 32 23 22 ] 0 33 26 9 8 3 33 -40 3 5 ' 33 41 21

5232 10 2 5 532 49 54 3033 O 0 ? 333 2] 2 4 633 22 4
' 2 32 44 1' 4 5 32 ?4 5? 5 0 33 336 0 6 3 33 97 101 3 6 33 45 0
? 2 32 9 12 3 5 32 17 10 ? 0 33 64 3 5 3 33 21 50 2 6 33 33 11

8 2 32 71 12 2 5 32 4 ' 19 I 33 22 t 4 3 33 24 31 1 6 33 5 3
9 2 32 5 ? 1 5 32 O b 17 1 33 30 14 3 3 33 2 20 0 • 33 10 3

10 2 32 24 2 0 b 32 22 1_ 16 I 33 69 11 2 3 33 13 39 1 , 33 54 5
17 3 32 60 3 1 S 32 19 13 15 1 33 30 1 1 3 33 40 23 2 6 33 '3 32
16 3 32 42 60 2 5 32 00 15 14 I 33 210 $ 0 3 33 32 ? 3 6 33 14 1

15 3 32 0 0 3 5 32 27 56 13 I 33 22 2 1 3 33 45 2? 4 6 33 14 4
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Table B.3, continued

H K L _ Cal© H R L _ *'-1© H K L Obo Cal© H R L Cbe Cal¢ H K L Ot_ Calc

*13 3 32 S3 29 S 5 32 alS 22 -11 1 33 6S
-12 3 32 11 4 6 S 32 -13 24 -10 1 33 133 7 4 3 33 -4J 0 -6 ? 33 S 9

-11 3 32 *S 0 7 b 32 2$ 0 -9 I 33 173 32 5 3 33 40 9 -$ 7 33 -1S 11

-20 $ 32 137 ISS $ S 32 2S 30 -8 1 33 t2 41 • 3 33 -16 17 -4 ? 33 -10 20

-9 3 32 32 40 -11 S 32 lli 2 -? I 33 32 1 ? 3 33 14 16 -3 ? 33 -SS 0

-8 3 32 -26 9 -10 6 32 32 9 -J I 33 45 44 8 3 33 31 S -2 ? 33 S3 0

-7 $ 32 -11 22 -9 E 32 S3 2 -S 1 33 -10 S -IS 4 33 0 24 -1 I 33 93 1

-4; 3 32 4 23 -O 4 32 -23 1 -4 I 33 04 94 -14 4 33 lb 2 0 7 33 51 1-S 3 32 3 45 -7 • 32 -1 4 -3 1 33 21 1 -13 4 33 -34 10 1 ? 33 24 9

-4 3 32 131 11S -6 E 32 29 lZ -2 1 33 23 37 012 4 33 -41 • 2 7 33 -1 21

-3 3 32 28 12 -S 6 32 1S 2S -1 1 33 20 2 -12 4 33 39 30 3 ? 33 37 2

-2 3 32 101 136 -4 6 32 30 23 0 I 33 9 17 -10 4 33 -24 2 -) | 33 -St 9

-1 $ 32 IS $ -3 6 32 0 21 1 ; 33 11 4 -9 4 33 21 0 -2 8 33 -$2 ?

0 3 32 S4 SO -2 6 32 S1 15 2 I 33 _2 15 -8 4 33 1 ll -1 O 33 48 _S

1 3 32 -27 1 -1 ( 32 20 11 $ 1 33 62 2S -7 4 33 S9 14 0 O 33 ? 0

2 3 32 S4 53 0 $ 32 7 6 4 1 33 -12 • -E 4 33 15 b 1 • 33 -S 1

4 3 32 -3E 4S 2 6 32 17 $ 33 3 -4 4 33 SS 2S -1E @ 34 =71 22

S $ 32 143 46 3 II 32 -43 0 ? I 33 97 2S -3 4 33 -44 2 -14 0 34 (;4 17

7 3 32 -52 32 2 9 I 33 16 0 -1 4 33 42 -10 34 S2 1

* ,32 , s* J 6,= t x -:? ,,, 4, ; o 4 r, -_,t ; -I o-, -, ,4
9 3 32 -2 14 7 _ 32 _Lll 2 -15 2 33 9 O | 4 33 44 O -6 O 34 6 27-is 4 ,2 z;4 -* _2 _s s -is = 3s -=" ; = 4 33 4: , -4 ,, ]4 -4 ,,4

-14 4 32 ,4 2 -_ 732 61 1o -x* 2_3 -3_ o 3 .33 -7: * -2 o34 2 :
-13 4 32 -13 0 -6 ? 32 -19 1 -13 2 33 $g 0 4 4 33 2 3 0 0 34 -3 S

-12 4 32 -4? 0 -S ? 32 ? 12 -12 2 33 147 10 S 4 33 S 7 2 O 34 -69 27

-11 4 32 4E S -4 _ 32 $2 0 -11 2 33 37 0 _ 4 33 47 _7 4 0 34 36 40

-10 4 32 42 0 -3 _ 32 _9 32 -10 2 33 °lO 0 ? 4 33 148 1 _ 0 34 292 2

-_ 4 32 11 33 -2 _ 32 -$ 2 -9 2 33 75 S1 8 4 33 20 1 -16 1 34 -32 1"7

-_ 4 32 $8 141; -1 ? 32 19 1S -e 2 33 S1 $7 -12 S 33 292 1 -15 1 34 -20 1
- 4 32 -33 2 0 ? 32 Sb O -? 2 33 33 72 -11 S 33 2 24 -14 3 34 -67 1

-6 4 32 14 19 1 ? 32 9? ? -6 2 33 71 2? -10 S 33 1_ 0 -13 I 34 -49 S

-S 4 32 38 2 2 _ 32 24 0 -S 2 33 13 9 -9 S 33 10 4 -12 1 34 21 13

-4 4 32 43 1_ 3 ? 32 2S 21 -4 2 33 -? S -0 S 33 -65 1 -11 1 34 -18 26

-10 I 34 43 lS -13 4 34 $3 0 -1 0 3S 96 22 -13 4 35 0 2 -1 1 3t -19 16

-9 1 34 119 17 -12 4 34 -31 0 1 0 35 $2 31 -12 4 35 -22 0 0 1 3_ -4"7 2
-O 1 34 107 78 -11 4 34 $_ 3 3 0 35 -36 20 -11 4 3S 65 1 1 3_ 28 18

-7 1 34 -40 1 -10 : 34 1'70 lO S 0 35 4b 27 -10 4 3b 35 2 2 1 3_ 100 1
-6 i 34 12 -9 34 12_ 30 -1_ 1 35 13 1 -9 4 35 116 1 3 1 36 74 10

-4 1 34 $ 0 -_ 4 34 22 -13 1 35 -? - 4 35 -11 23 -13 2 36 22

-3 1 34 -3 1 -6 4 34 30 4 -12 1 3b 28 23 -E 4 3S 2S 31 -12 2 3_ 35

-2 1 34 4'7 1 -S 4 34 8S 7 -1Z I 35 -4 0 -S 4 3S 142 1 -11 2 3_ 11 1

-1 I 34 -12 1 04 4 34 -14 31 °10 2 3S 23 32 -4 4 35 037 19 -I0 2 3_ -30 7

0 1 34 94 20 -3 4 34 29 _ -9 i 3S 9 0 -3 4 3_ 0 0 -9 2 36 89 1

1 1 34 _ _ -2 4 34 47 0 -8 1 3S 94 19 -2 4 3S 42 3 -8 2 36 ?9 3

2 1 34 98 3 -1 4 34 -4 0 -7 I 3_ 47 36 -1 4 3S -31 9 -7 2 36 92 9

3 1 34 llb 23 0 4 34 38 4 -6 _ 3S -34 _ O 4 3S 90 2 -6 2 36 -11 10
4 1 34 13? 2 1 4 34 62 4 -S 3S 38 10 1 4 35 3_ 13 -5 2 $_ 9S 8

I 34 20 37 2 4 34 9 0 -4 1 35 -24 S 2 4 3b 20 10 -4 2 36 49 4

6 l 34 S6 0 3 4 34 160 0 -3 1 $b gl 11 3 4 3S 21 11 -3 2 3_ 1_9 1

? 1 34 61 24 4 4 34 -30 3 -2 1 3S -1 1 -11 b 3b -14 0 -2 2 3G $3 3

-16 _ 34 110 II 5 4 34 S9 0 -1 1 3S 10 19 -10 S 3_ _7 O -1 2 3E 29 0-15 34 -3 0 6 4 34 -12 9 0 1 3_ -4 2 -9 S 35 ?S 0 0 2 36 -33 1_

-14 2 34 -20 0 -12 S 34 53 22 1 1 35 104 1 -8 $ 3S 62 2 1 2 3(; 16 0

-13 2 34 6 1 -11 5 34 35 3 2 1 35 84 12 -'1 S 3_ 9 ? 2 2 36 214 0

-Z2 2 34 40 2 -10 $ 34 66 75 3 1 3S 88 0 -6 _ 3_ -19 4 3 2 36 -56 0
1 -13 3 36 -].8 3

-11 2 34 20 7 -9 S 34 -28 ? 4 1 3S -$4 ? °$ S 3S 7

-10 2 34 93 3 -8 S 34 O1 7 5 1 3S -17 2 -4 S 35 166 20 -12 3 36 -49 0

1 -? S 34 135 2 -1S 2 3b -12 3 -3 S 3S -30 2 -11 3 36 -21 0-9 2 34 -56

-O 2 34 6_ 0 -6 S 34 92 2"7 -14 2 35 -3b 0 -2 _ 35 43 S -10 3 36 144 S1
-'7 2 34 70 15 -5 S 34 55 1 -13 2 35 ?5 4 -1 35 32 "7 -9 3 36 -68 22

-S 2 34 1_ 24 -4 S 34 20 24 -12 2 35 113 26 0 5 35 -29 1"/ -8 3 36 _b? 0

-_ 2 34 12 S -3 _ 34 0 0 -12 2 35 -1S 2 1 S 3S 37 6 -? 3 36 146 O

-2 b 34 142 29 -10 2 35 101 4S 2 S 35 -31 SO -6 3 36 14 0-4 2 34 63 14

-3 2 34 ?0 0 -1 b 34 28 3 -9 2 3S 123 10 -78 , 3_ b4 9 -S 3 36 -40 1"12 34 -24 20 0 S 34 63 40 -8 2 3S 82 11 6 35 32 4 -4 3 36 30 10

-1 2 34 36 1 1 _ 34 57 0 -7 2 3S -33 ? -_ _ 3_ 20 10 -3 3 36 -12 20

2 2 34 -65 22 4 $ 34 22 0 -4 2 35 0 6 -3 6 35 $9_ 21 0 3 36 -b3 2

3 2 34 122 2 S 5 34 71 0 -3 2 35 -2 1 -2 6 35 19 8 1 3 36 O l

4 2 34 12 4 -9 6 34 -54 ) -2 2 35 3b 21 -1 6 35 114 5 2 3 36 -14 2

,5 2 34 -4"/ 13 -8 6 34 $ ? -1 2 35 26 5 0 6 35 17 2 -12 4 36 .51 2

6 _ 34 110 18 °_ 6 34 -15 0 0 2 3_ 18 8 1 6 35 300 13 -11 4 36 12 1

? 34 108 0 -6 6 34 -66 9 1 2 3_ -41 1 -b "1 35 52 0 -10 4 36 -_4 3

-16 3 34 7 24 -_ ,6 34 4"/ 15 2 35 30 11 -4 7 35 -28 14 -9 4 36 3b 0-1S 3 34 57 _ 34 19 3 3 2 35 -46 _ -3 ? 35 -21 1 -O 4 36 321 6

-14 3 34 -2"7 44 -3 6 34 2 0 4 2 3S -31 1 -2 ? 35 46 0 -? 4 36 58 10

-13 3 34 -62 10 -2 6 34 3 1 5 2 3_ 42 1 -I ? 35 °$7 3 -S 4 36 157 2
-12 3 34 79 10 -) 6 34 6 2 -25 3 35 81 O -12 0 36 137 26 -5 4 36 848

-lO 3 34 52 109 l _ 34 11 _ -13 3 3$ -24 0 36 -38 17 36 41 2
25 -2 4 3(; "tO S

-9 3 34 32 2_ 2 _ 34 95 0 -12 3 3_ -_ 3 -6 0 36 79

-'7 34 20 $ -_ ? 34 19 1 -10 3 3b 47 -2 36 1 0 4 3_ 11 1

-6 3 34 19 0 -S ? 34 -1 1S -9 3 35 8 23 0 0 3(; 31 25 1 4 36 u 2
-5 3 34 49 1 -4 ? 34 -27 1 -8 3_ 1 19 2 0 36 17'7 S -10 S 36 3S 7

-4 3 34 SO 10 -3 ? 34 -S_ 4 -? 3 3S 59 $? -13 1 36 43? 2 -9 S 36 124 4-3 3 34 88 -2 7 34 -53 S -6 3 3b 107 22 -12 1 3_ 226 1 -O S 36 2S 3

-2 3 34 112 $ -1 ? 34 39 29 -_ 3 35 123 10 -11 1 36 -_4 _ -7 S 35 -26 2Z

-1 3 34 -40 0 0 7 34 1S ) -4 3 35 -42 12 -10 1 36 93 1 -6 S 3_ 2 ?

0 3 34 130 16 1 ? 34 49 l -3 3 35 140 13 -9 1 36 52 12 -S S 36 69 1

1 3 34 19 _ 2 7 34 -14 2 -2 3 35 79 4 -8 1 36 247 4 -4 S 36 11 8

2 3 34 5"1 32 -13 0 35 $0 2 -1 3 35 72 26 -? I 36 -33 39 -3 S 36 113 3

3 3 34 11 2"/ -11 0 3_ ll? ? 0 3 3b 12 0 -6 1 36 ?0 10 -2 S 36 -83 9

4 3 34 111 O -9 0 35 -4"/ 23 1 3 35 21 13 -5 I 36 61 24 -1 S 3_ 62 1

33 34 -10 3 -_ O 35 12 3 2 3 35 -99 3 -4 1 36 22 14 O _ 3_ 12 06 34 107 3 -_ 0 3_ 9_ 19 5 3 35 SO 22 -3 1 36 -21 23 -7 6 36 0 O

-14 4 34 33 2 -3 0 35 32 23 4 3 3S 6_ _ -2 1 36 43 0 -6 6 36 42 1

-5 IS 36 -28 0 -6 1 38 9? 0
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Table B.3, continued

H R L _ Calc H I_ 'L aa, m C.m2c H R L Caa,m Calc 14 Ig I, ODin Cm2c

-° ,3, -,1 : -5 1. :i; 3
-3 5 35 34 O -4 I 35 19

-2 S 36 32 0 -3 I 38 -103
-1 5 36 -19 0 -7 2 31 57

-$ 0 37 -11 11 -6 2 31 -43
-7 0 3? -21 10 -5 2 31 46

-5 0 37 365 ? -4 2 35 -30
-3 0 37 96 0 -7 3 31 91

-3 0 3? 29 0 -6 3 31 293
1 0 37 -21 1 -S 3 31 -100

-11 1 3? 36 14 -5 9 35 0
-10 I 37 -55 0

-9 I 37 -29 24
-9 I 37 74 1
-7 I 37 93 0

-6 1 37 -11 4
-5 1 37 31 2

-4 I 37 -51 0
-3 1 37 14 1

-2 $ 37 2OO 0
-1 1 37 19 1

0 1 37 21 0
1 1 3? 25 2

-11 2 37 39 0
-10 2 3? 139 12

-9 2 37 59 ?
-9 2 3? -36 4

-? 2 3? 149 4
-6 2 37 325 0

-5 2 3? 49 5
-4 2 37 96 10
-3 2 3? -3 0

-2 2 3? -14 10
-1 2 37 30 0

o _,, 1o+-12 3? -57

-11 3 37 150 9
5-10 3 3? -33

-9 3 37 49 39
-5 3 37 48 1

-7 3 37 253 1
-6 3 37 -100 0

-b 3 37 49 10
-4 5 37 -36 3

-3 3 37 199 0

-2 3 _7 $6 1
-1 3 3_ -6b 1

0 3 37 10 1

-10 4 37 115 2
-9 4 37 48 0

-? 4 37 21 0

-6 4 3? -27 34
-S 4 37 -28 1
-4 4 37 375 4

-3 4 37 BS 6
-2 4 37 100 7

-1 4 37 -15 1
-$ b 37 111 2

-7 5 37 -52 2
-6 5 37 17 2

-5 5 37 -39 5
-4 5 37 -39 2

-3 5 37 $0 4

-4 6 3? -5? 0

0

2_
I
o

1
1

0

• geflactLorm flagged vith aJa anterznk vere conniderad gnobserved.

14 Iv, L _ Cmlc
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Table B.4.

Name

Cu

N(II2)

C(13)

C(16)

C{19)

C(24)

C{27)

C(31)

C(34)

C(41)

C(44)

C(51}

C(54}

C|61)

C(64)

C(110)

C(114)

C[I17)

C(211)

C(215)

C(218)

H(16)

H(26)

H(33)

H(36)

H(44)

H(52)

H(55)

H{63)

H(66)

H{IIB)

H[IIE)

H(IIH)

H(IIK)

H(21A)

H(21D)

H(21G)

H(21J)

Atomic multip_cities for [Cu(tmp)2]BPh4.

Multiplicity Name Multiplicity Name
................................

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1 000

1 000

1 000

1 000

1 000

1 000

1 000

1 000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

N(II)

N(212)

C(14)

C(17)

C(22)

C(25)

C(28}

C(32)

C(35}

C(42}

C(45)

C(52)

C(55)

C{62)

C(65)

C(i11)

C(I15)

C(I18)

C(213)

C(216)

B

H(17)

H(27)

H(34)

H(42}

H(45)

H(53)

H[56)

H(64)

H iii)

H llC)

H 1IF)

HllI)

H IIL)

H 21B)

H 21E}

H 21H)

H 21K)

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1 000

1 000

1 000

1 000

1 000
i 000

1 000

1 000

1 000

1 000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

N(21)

C(12)

C(15)

C(18)

C(23)

C(26)

C{29)

C[33)

C(36)

C(43)

C(46)

C(53)

C(56)
C(63)

C(66)
C(113)

C(116)

C(210)
C(214)

C(217)

H(12)

H(22]

H(32)

H(35)

H(43)

H(46)

H(54)

H(62)

H(65)

H(IIA)

H{IID)

H(IIG)

H(IIJ)

H(211)

H(21C)

H(21F)

H(21I)

H(21L)

Multiplicity

1 000

1 000

i 000

1 000

1 000

1 000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1,000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1 000

1 000

1 000

1 000

i 000

1 000

1 000

1 000
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Aopendix C: Crystal Data for [Cu(dipp)_]TFPB

Table C.I. Anisotropic temperature factor coefficients - U's" for [Cu(dipp)2]TFPB.

Name

Cu

N(I1)

N(21)

N(II2}

N(212}

C(12)

C(13)

C(14)

C(15)

C(16)

C(17)

CRIB)

C(19)

C(22)

C(23)

C{24)

C(25)

C(26)

C(27)

C(28)

C(29)

C(ll0)

C(III)

C(I13)

C(I14)

C(I15)

C(I16

C(I17

C(i18

C(I19

C(120

C(210

C[211

C(213

C(214

C(215

C(216

C(217

C(218)

C(219)

C(220)

F(331)

F(332)

F(333)

F(351)

F(352)

F(353)

F(431)

F(432)

F(433)

F(451)

F(452)

F(453)

F(531)

F(532)

F(533)

F(551)

F(552)

F(553)

F(631)

U(1,1)

0.0759(5)

0.063{3)

0.073(3}

0.107(4)

0.072(3)

0.081(4)

0.123(7)

0.127(7)

0.106(5)

0.196(11}

0.261(15)

0.223(11)

0.38(2)

0.075{4)

0.099{6)

0.i15(7)

0.124[6}

0.156(8)

0.148(8)

0.i04(5}

0.i12(6}

0.38{2)

0.183(9)

0 106(5)

0 073(4)

0 125(6)

0 149(11)

0 269(19)

0 256(14}

0.34(2)

0.24(2)

0.089(5)

0.076(4)

0.083(4)

0.084(4)

0.079(5)

0.148(i0)

0.i06(7)

0.085(5)

0.146(10)

0.232(15)

0.310(11)

0.145(5)

0.166(5)

0.193(8)

0.051(3)

0.105(4)

0.107(4)

0.122(5)

0.091(4)

0.279(10)

0.415114)

0.129(5)

0.124(4)

0.076(3)

0.286(9)

0.086(3}

0.137(5)

0.144(5)

0.486(16)

U(2,2)

0.064({5)

0.069(3)

0.060(3)

0.070(3)

0.053(3)

0.059(4)

0.064{5}

0.073{5}

0.101(6}

0.127(8}

0.159(10)

0.134(8)

0.166(12)

0.092(5)

0.138(7)

0.114(7)

0.067(4)

0.074 5)

O.O7O 5)

O.O53 4)

0.084 5)

0.139 i0}

0.097 6}

0.I01 5)

0.078 4)

0.065 4)

0.257 18)

0.39(3)

0.079(6)

0.162(12)

0.147[13)

0.091{5)

0.068(4)

0.043(3)

0.048(3)

0.148(8)

0.133(i0)

0.194(12)

0.117(6)

0.198(13)

0.207(13)

0.128(5)

0.223(8)

0.080(3)

0.156(7}

0.59(3)

0.281(10]

0.205(6}

0.514(18)

0.138(6)

0.344{13)

0.164{6}

0.342{11)

0.199(6)

0.227(6)

0.243(8)

0.147(5)

0.219(7)

0.073(3)

0.342(12)

U(3,3)

0.0557(5)

0.059[3}

0.065(3}

0.069(3}

0.061(3}

0.084(5]

0.104(6)

0.079(5)

0.051(4)

0.070(5)

0.080(6)

0.103(6)

0.165(12)

0.073(4

0.087(5

0.072(5

0.056(4

0.059(4

0.070(5

0.076(4

0.IIi{7)

0.204{14)

0.i19(7)

0.065(4)

0.053(3)

0.i08(6}

0.183(13)

0.189(14)

0.163(i0)

0.255(18)

0.222(18)

0.109(6)

0.084(4)

0.066(4)

0.055(3)

0.085(5)

0.183(12)

0.185(12)

0.098(6)

0.107(8)

0.143(10}

0.125(5)

0.388(14)

0.224[7)

0.357(15)

0.140{6}

0.167(6}

0.157(5]

0.199(7}

0.382(15)

0.107(4)

b.097(4)

0.101(4)

0.080(3)

0.111(4)

0.354(12)

0.114(4)

0.093(4)

0.192(6)

0.537(18)

U(1,2)

0.0267(4)

0.029(2)

0.022{2)

0.041(3)

0.022(2)

0.017{3}

0 020(4}

0 031(5}

0 054(5)

0 080(8)

0 103(11)

0 093(8)

0 113(14)

0 033(4}

0 052(5)

0.037(5}

0.027(4)

0.026(5)

0.027(5)

0.021(3)

0.038(4)

0.101(13)

0.056(6)

0.055(4)

0.039(3)

0.019(4)

-0.014(11)

0.19(2)

0.063(8)

0.169(15)

0.004(13}

0.040(4)

0.032(3)

0.019{3)

0.017(3}

0.052(5)

0.043(8)

0.022(8)

0.055(5)

-0.024(9)

0.150(12)

0.090(6)

0.122(6)

0.006(3)

-0.101(7)

0.015(7)

-0.056(5)

0.092(4)

0.185(8)

0.002(4)

0.180(i0}

-0.064(8)

0.011(6)

0.010(4)

0.011(3)

0.155(8)

-0.029(3)

-0.089(5)

-0.015(3}

0.343(13)

U(1,3}

0.0361(4)

0.028(2)

0.034(3)

0.053(3}

0.032(2)

0.033{4]

0.044(5)

0.029(5}

0.024(4}

0.068(6}

0.110(8}

0.i15(8}

0.209(15)

0.028(3)

0.027(5}

0.017(5)

0.038{4)

0.049(5)

0.067(5)

0.055(4)

0.077(5)

0.216(16)

0.105(7)

0.049(4)

0.018(3)

0.075(5)

0.106(11)

0.154(14)

0.149(ii)

0.201(18)

0.089(15)

0.055(5)

0.044(4)

0.044(3)

0.033(3)

0.036(4)

0.092(9)

0.083(8}

0.037(4]

0.019(7)

0.078(10)

0.010(6)

0.128(7)

-0.004(5)

-0.162(10)

0.003(4)

-0.045(4)

0.048(3)

0.111(5)

-0.102(7)

0.119(6)

-0.006(6)

0.008(4)

0.055{3)

0.044{3)

0.247(10)

0.028(3)

-0.040(3)

0.051(4)

0.454(16)

U(2,3)

0.0232(4)

0.023 2

0.029 2

0.037 3

0.022 2

0.018 3

0.010 4

0.006 4

0.014 4

0.028 5

0.052(7

0.076(6

0.098{I0)

0.040{4

0.057(5

0.043{5

O. 028 (3

0.026(4

0.023(4

0.023(3

0.031{5)

0.i19(i0]

0.068(5)

0.046(4)

0.023(3)

0.033(4)

0.027(12)

0.211(18)

0.070(6)

0.120(13)

0.022(12)

0.029(5)

0.029(3}

0.022(3}

0.020(3)

0.054(5)

0.003(8)

0.077(10)

0.048(5)

0.045(8)

0.098(10)

0.072(4)

0.229(9)

0.090[4)

0.138[9)

-0.068(10)

0.134(7)

0.i19(5)

0.219(10

0.068(7)

0.121(6}

0.100(5)

0.144(6)

0.051(4)

0.081(4)

0.258(10

0.017(3)

0.080(4}

0.024(3)

0.402(14
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Table C. 1, continued

Name

F(632)

F{633)
F(651)

F(652)

F(653)
C(31)

C(32)
C[33)

C(34)

C(35)
C(36)

C(41)
C(42)
C(43)

C(44)

C(45)
C(46)

C(51)
C(52}

C(53)
C(54)

C(55)

C{56}

C(61)

C(62)
C(63)

C(64)
C(65)

C(66}

C(331
C(351

C(431

C(451

C(531

C(551
C(631

C(651
B

U(1,1)

0.306(11)

0.176(6)
0.175(6)

0.177(7)

0.187(8)

0.050(3)

0.055(3)

0.065(4}

0.077[4)

0.058(3)

0.055(3)
0.048(3)

0.049(3)

0.048{3)

0.066{4)

0.064(4)

0.054(3)

0.054(3)

0.054(3)

0.067(4)

0.078(4)

0.064(3)

0.063 3)

0.053 3)

0.061 3}

O.O78 4)

0.083 4)

0.065 4}

0.059 3)

0.090 5)

0 062 5)

0 053(4)

0 093(5)

0 083(5)

0 091(5)

0 126(6)

0.106(7)

0.047(3)

U(2,2)

0.109(5)

0.269(10)

0.303(9)

0.64(3)
0.170(7)

0.047{3)

0.056(3)

0.048(3)
0.052(3)

0.066(4)

0.061(3)
0.051(3)
0.073(4)

0.089(4}
0.093(5)

0.074(4)

0.064(3)
0.043(3)

0.062(3)
0.080(4)

0.078(4)

0.060(3)

0.052(3)

0.052(3)

0.055(3)

0.064(4)

0.089(5)

0.091(5)

0.073(4)

0.063(5}

0.I07(6)

0.177[9}

0.133(7)

0.143(8)

0.079(5)

0.088(6)

0.175(i0)

0.054(3)

U(3,3)

0.168(6)

0.265(9)

0.269(8)

0.262(10)

0.62(3)

0.044(3)

0.060(3)

0.071(4)

0.087(4}

0.060(3)

0.046{3}

0.045(3)
0.046(3)
0.070(4)

0.078(4)

0.058(3)
0.050(3)

0.048(3)

0.050(3)

0.047(3)

0.042(3)

0.051(3)

0.054(3)

0.041[3)

0.058(3)

0.068(4)

0.087(4}

0.086(4)

0.071(4)

0.119(7)

0.087(5)

0.114(7)

0.074 5)

0.O53 4)

0.059 4)

0.121 6)

0.165 9}

0.047 3)

U(1,2)

0.013(5)

0.045(6)
0.188(7)

0.205(13)

0.047(6}

0.012(2)

0.018(3)

0.013(3}

0.008(3)
0.002(3)

0.013(3)
0.010(2)

0.014(3)
0.018(3)

0.025(3)
0.022(3)

0.018(3)

0.014(2)

0.010(3)

0.012(3}

0.007{3}

0.001(3)

0.007(3)

0.012(2)

0.019(3)

0.028(3)

0.050(4)

0.039(3)

0.024(3)

0.022(4)

-0.021(4)

0.032(5)

0.040(5)

0.003(5}

-0.012{4)

0.070(5)

0.076(7)

0.0]4(3)

U(1,3)

0.086(7)

0.050(6)

0.172(6)

0.179(8)

0.298(14)

0.022(2)

0.025(3)

0.027(3)

0.035(4]

0.019(3)
0.020(2)

0.014 2)

0.016 2

0.022 3

0.043 3

0.031 3

0.019 2

0.019 2

0.018 2

0.024 3)

0.016(3)

0.014(3)

0.021(3)

0.015(2)

0.026[3}

0.034{3)

0.043(4)

0.043(3)

0.032(3)

0.022(5)

0.018(4)

0.037(5)

0.048(4)

0.018(3)
0.018(4)

0.076(6}

0.094(7)

0.018(3}

U(2,3)

0.084(5)

0.235(9)

0.217(8)

0.321(16)

0.i02(ii)

0.016(2)

0.024(3)

0.021(3)

0.027{3)

0.014[3)

0.018(3)

0 023(2)

0 029(3)

0 041(3)

0 044(4)

0 034(3)

0 027(3)

0.020(2)

0.028(3)

0.029(3)

0.021(3)
0.019(3)

0.025(3)
0.019(2)

0.026(3)
0.034(3)

0.052(4)
0.053(4)

0.045(3)
0.042(4)

0.030(5)

0.079(7)

0.065(5)

0.045(5)

0.018(4)

0.072(5)

0.130(8)

0.025(3)

a The form of the anisotropic temperature factor iS:

exp[-2n (h2a'2U(l,l) + kZb'zU(2,2) + iZc'2U(3, 3} + 2hka'b'U(l,2) + 2hla'c'U(l,3)

+ 2klb'c'U(2,3)]] where a', b', and c" are reciprocal lattice constants.
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Table C.2. Torsion angles in degrees for [Cu(dipp)2]TFPB.

Atom 1 Atom 2

_mnswaul

N(21) Cu

N(21) Cu

N(112) Cu

N(112) Cu

N(212) Cu

N(212) Cu

N(11) Cu

N(Zl) Cu

N(112} Cu

N(112} Cu

N(212) Cu

N(212) Cu

N(II) Cu

N(11) Cu

N(21) Cu

N(21) Cu

N(212) Cu

N(212) Cu

N(11) Cu

N(11) Cu

N{21) Cu

N{21) Cu

N{112) Cu

N{112) Cu

Cu N(11)

Cu N{11)

C(114) N{I1)

C(114) N(ll)

Cu N(11)

Cu N(11

C(12) N(ll

C(12) N(ll

Cu N(21

Cu N(21

C(214) N(21

C(214) N(21

Cu N(21

Cu N(21

C(22) N(21

C(22) N(21

Cu N(112

Cu N(112

C(113) N(112)

C(113) N(112)

Cu N(II2)

Cu N(II2)

C(lll) N(II2)

C(111) N(II2)

Cu N(212)

Cu N(212)

C(213) N(212)

C(213) N(212)

Cu N(212)

Cu N(212)

C[211) N(212)

C{211) N(212)

N{II) C(12)

C(I15) C[12)

C(12) C{13)

c(13) c[14)

c(13) c{14)

C(14) C(15}

C(114} C(15}

C(14} C{15)

Atom 3 Atom 4

N(11}

N(11)

N{11}

N(11)

N(11)

N(11)

N(21)

N(21)

N(21)

N(21)

N(21)

N(21)

N(II2

N(II2

N(II2

N(II2

N(II2

N(II2

N(212

N(212

N(212

N(212

N(212

N(212)

C(12)

C(12)

C(12)

C(12)

C(114)

C(114)

C(114)

C{114)

C(22)

C(22)

C(22)

C(22)

C(214)

C(214)

C(214)

C(214)

C(111)

C(111)

C(I11)

C(111)

C{113)

C{113)

C(I13)

C(I13}

C(211)

C(211)

C(211)

C(211}

C(213}

C(213)

C(213)

C(213)

C(13}

C(13}

c{14)

c[15)

C(15)

C(16)

C(16)

C(114)

C{12)

C(114)

C{12)

C(114}

C(12)

C(114}

C(22)

C(214}

C{22)

C(214}

C(22)

C(214)

C(111)

C(113)

C(111)

C(113)

C(111)

C(113)

C(211)

C(213)

C(211)

C{213)

C(211)

C(213)

C(13)

C(115)

C(13)

C(115}

C(15)

C(113)

C(15)

C(113)

C(23)

C(215)

C(23)

C(215)

C(25)

C(213)

C(25)

C(213)

C(II0)

C(i18)

C(II0)

C{I18)

C{18)

C(114)

C(18)

C(114}

C(210)

C(218)

C(210)

C(218)

C(28)

C(214

C(28)

C(214

C(14)

C(14)

C(15)

C(16)

C(114

c(17)

c{17)

N(II)

Angle

mLn.s_=

57.04

--120.21

--179.95

2.81

--42.79

139.97

59.68

-116.65

-39.61

144.06

-176.64

7.03

-179.40

-2.80

-61.28

115.32

51.55

-131.85

-63.57

110.93

178.11

-7.39

49.63

-135.87

-179.32

-0.77

-2.28

176.27

178.09

-2 33

0 49

-179 93

-175 67

4 i0

0 41

-179 83

175 99

-5 63

-0 87

177.51

173.02

-3.38

-3.32

-179.72

-176.15

2.43

0.79

179.37

173.81

-7.24

-0.37

178.58

-174.92

6.58

0.32

-178.19

2.57

-175.94

-0.98

179.56

-0.72

179.93

0.22

1.02

0.70)

0.47)

0.82)

0.48)

0.72)

0.45)

0.71)

0.45)

0.73)

0.44)

0.68)

0.44)

0.84)

0.51)

0.89)

0.50)

0.90)

0.51)

0.71)

0.46}

0.68)

0.45)

0.75)

0.44)

0.63)

1.06)

i.ii)

0.71)

0.61)

0.82)

1.07)

0.74)

O.7O)

I.ii)

1.17)

0.73)

0.59)

0.74)

1.03)

0.66)

i. I0)

1.52}

1.68)

0.99}

0.81)

0.89)

1.33)

0.84)

0.64)

i.ii)

1.15)

0.71

0.55

0.77

1.03

0.67

1.36

0.90

1.51

1.05

1.38

1.09

1.77)

1.20)



170

Table C.2, continued

Atom 1

C[14)

C(16)

C(16}

C(15)

C(16)

C(16)

C(17)

C(113)

C(17}

C(17)

C(19)

C(19)

C(18)

N(21)

C(215)

N(21)

C(23]

C[22)

C(23]

C(23)

C(24)

C(214}

C(24)

C(24)

C{26)

C(26)

C(25)

C(26)

C[26)

C(27)

C(213)

C(27)

C(27)

C(29)

C(29)

C(28)

C(36)

B

C{32)

B

C[32)

C(32)

C(32)

C(36}

C(36)

C(36

C(31

C(32

C(33

C(33

C(34

C(351)

C(34}

C(34)

C(36)

C(36)

C(46)

B

C(42)

B

C{42)

C[42)

C(42)

C(46]

Atom 2

C[15)

C(15)

C(15)

C(16}

C(17)

C(17)

C(18)

C{18)

C{18)

C(18)

C(18)

C(18)

C(19)

C(22)

C(22)

C(22)

C{22)

C[23)

C(24)

C(24)

C(25)

C(25)

C(25)

C(25)

c(25)

C(25)

C{26)

C[27)

C(27)

C(28}

C(28)

C(28)

C(28)

C(28)

C{28)

C{29)

C(31)

C(31)

C(31)

c(31)

C(31}

C(31}

c(31}

C(31)

c(31}

C(31)

C{32)

C(33)

C[34)

C[34)

C(35)

C(35)

C(35)

C(35)

C(35)

C(35)

C(41)

C(41)

C(41)

C(41)

C{41)

C{41)

C(41)

C(41)

Atom 3

C{114)

C{114)

C[114)

C(17)

C(18)

C(18)

C(19)

C(19)

C(I13)

C[113)

C(113)

C(113)

C(110)

C(23)

C(23)

C(215)

C[215)

C{24)

C[25)

C(25)

C(26)

C(26)

C(214)

C(214)

C(214)

C(214)

C(27)

C{28)

C(28)

C(29)

C(29}

C(213)

C(213}

C(213)

C(213)

C{210)

C(32)

C(32]

C(36]

C(36)

B

B

B

B

B

B

C(33)

C{34)

C[35)

C(35)

C(36)

C(36)

C(351)

p(351)

C(3511

C(351}

C(42)

C(42)

C(46)

C{46)

B

B

B

B

Atom 4

C{I13)

NIl1)

C[I13)

C(18)

C(19)

C(i13)

C(110)

C(110)

N(112)

C(114)

N{l12)

C(114)

C(111)

C(24)

C(24)

C(216)

C(216)

C(25)

C{26)

C(214)

C(27)

C(27)

N(21}

C(213}

N(21)

C(213)

C{28)

C[29)

C(213)

C(210)

C(210)

N(212)

C(214)

N{212)

C{214)

C[211)

C(33)

C(33)

C(35)

C(35}

C(41)

C(51}

C(61)

C(41)

C(51}

C(61)

C(34)

C(35)

C(36)

C(351)

C(31)

C(31]

F(351)

F(353)

F(351)

F(353}

C(43)

C(43

C(45

C(45

C(31

C(51

C(61

C(31

.Angle

-178.55

-179.25

1.19

-0.99

177.34

0.35

179.90

-3.11

179.63

1.08

2.37

-176.18

0.77

0.75

-179.00

-97.82

81.95

-1.46

-178.46

0.99

179.14

-0.30

0.18

-178.14

179.67

1.35

-1.39

-176.96

2.02

179.51

0.50

-179.43

-0.93

-0.38

178.12

-0.58

0.19

179.91

-0.79

179.52

-77.03

45.16

159.99

102.65

-135.15

-20.32

0.79

-1.17

0.60

179.81

0.41

-178.80

11.52

134.69

-169.26

-46.09

-1.35

-175.93

3.28

177.92

91.01

-27.41

-147.21

-83.17

0.81)

0.89)

1.29}

2.21}

1.63)

2.10)

1.64)

2.57)

1.04)

1.63)

1.78)

1.25)

2.88)

1.53)

0.98)

0.97)

1.14)

1.61)

0.97)

1.39)

0.92)

1.29)

1.17)

0.76

O.7O

1.13

1.35

0.85

1.22

0.88

1.23)

0.69)

1.05)

1.07)

O.7O)

1.45)

0.87)

0.55}

0.81)

0.54)

O.59)

0.67)

0.49)

0.60)

0.54)

0.73)

1.01)

1.04)

1.04}

0.70}

0.96)

0.62}

1.34)

0.98)

0.96)

1.19)

0.98)

0.65)

0.96)

0.61)

O.65)

0.85)

0.58)

O.70)
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Table C.2, continued

Atom 1

C(46}

C(46}

C[41}

C{42)

C(43}

C(43}

C(44)

C(451)

C(44)

C(44)

C(44)

C(46)

C(46)

C(46)

C(56)

B

C(52)

B

C(52)

C(52)

C(52)

C(56)

C(56)

C(56)

C(51)

C(51)

C{52)

C(531)

C(52)

C(52)

C{52)

C(54)

C(54)

C(54)

C(53)

C(53)

C(54)

C(551)

C(54)

C(54)

C(54)

C(56)

C(56)

C(56)

C{66)

B

C(62)

B

C{62)

C(62)

C(62)

C(66)

C(66)

C(66)

C(61)

C(61)

C(62)

C(631)

C(62

C(62

C(62

C(64

C{64

C{64

Atom 2

C{41)

C(41)

C(42)

C{43}

C(44}

Ci44}

Ci45)

C(45)

C(45)

C(45)
C(45)

C(45)

C(45)

C(45)

C(51}

C(51)
C(51)

C(51)

C(51}

C(51)

C(51)

C(51}

C(51}
C(51)

C(52)

C(52)
C(53)

C(53)
C(53)

C[53)

C(53)

C{53)

C(53)
c(53)

C(54)

C(54)

c(55)

c(55)

c(55}

c(55)

c(55)

c(55)

c(55)

c(55)

c(61

c(61

C(61

C{61

C{61

C{61

C(61

C{61

C{61

C(61

C(62

C[62

C(63

C(63

C(63

c(63

c(63

C(63)

c(63}

c(63}

Atom 3

B

B

C(43)

C(44)

C(45)

C(45)

C(46)

C(46)

C(451

C(451
C(451

C(451
C(451

C(451
C(52)

C(52)
C(56}

C(56)
B

B
B

B
B

B

C(53)

C(53}

C(54)

c(54}
C(531)

C(531)

C(531)

C[531)

C[531)

C{531)

C(55)

C{55)
C(56)

C(56)

C(551}

C(551)

C(551}

C(551)

C(551)

C(551)

C(62)

C(62)

C(66)

C(66)

B

B

B

B

B

B

_{63)

C{63)

C(64)

C(64)

C(631)

C(631)

C(631}

C(631)

C(631)

C(631)

Atom 4

_n===

C(51)

C(61)

C(44)

C(45)

C{46)

C(451}

C{41)

C(41)

F(451)

F(452}
F(453}

F(451]

F(452]

F(453)

C(53)

C(53)

C(55)
C(55)

C(31)

C(41)

C(61)

C(31)

C(41}
C(61)

C(54)

C(531)

c(55)

C(55)

F(531)

F(532)

F(533)

F(531)

F(532)

F(533)

C(56)

C(551)

C(51)

C{51)

F(551)

F(552)

F(553)

E(551)

F(552)

F(553)

C(63)

C(63}

C(65)

C(65}

C(31)

C(41}

C(51)

C(31)

C(41)

C(51)

C(64)

C{631}

C{65)
C(65)

F(631)
F(632}

F(633}
F(631}

F(632)

F(633)

Angle
Ba_sm

158.41

38.61
-1.52

2.56

-0.70

-179.75

-2.37
176.66

-39.29
78.05

-147.56

141.65

-101.00

33.38

-0.19

174.09

-3.15

-177.13

35.36

151.65

-83.82

-150.93

-34.64

89.89

2.29

-177.98

-i.00

179.28

157.42

46.04

-79.90

-22.85

-134.23

99.83

-2.33

179.67

4.56

-177.46

-151.46

-28. O7

92.36

30.51

153.90

-85 66

3 22

178 50

-0 40

-175 98

135 86

17 95

-107 05

-49 06

-166 97

68 03

-3.66

176.88

1.05

-179.50

-18.83

109.39

-141.63

161.72

-70.06

38.92

0.57)

0.80)

1.14}

1.17}

1.13)

0.80}

1.07)

0.75}

1.22)

1.23}

0.93)

0.87)

1.12)

1.31)

0.93)

0.62)

0.90)

0.58)

0.71)

O.57)

0.64)

0.56)

0.82)

0.66)

1.13)

0.71)

1.17)

0.77)

0.73)

1.13)

1.03)

1.18)

0.84)

1.04)

1.12)

0.74)

1.05)

0.67)

0.77)

i.i0)

0.90)

i. Ii)

0.73)

0.87)

O.84)

0 54}

0 85)

0 56)

0 55)

o 76)

0 58)

0 64)

0 49)

0 63)

0.97)

0.64)

1.02)

0.70)

1.34)

1.Ol)

o.86)

1.03)

1.16)

1.16)
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Table C.2, continued

Atom 1

C(63)

C(64)

C(19}

C(19)

N(112)

N(112)

C(18)

C(18)

C(29)

C(29)

N(212)

N(212)

C(28)

C(28)

Atom 2

C{64 )

C(65)

C{110)

C[110)

C(113)

C(113)
C(I13)

C(113)

C(210)

C(210)

C(213)

C(213)

C(213)

C(213)

Atom 3

C(65)

C(66)

C(111

C(111

C(114

CCl14

C{114

C(114

C(211

C(211

c(214

c(214

c(214

c(214

Atom 4

C(66)

C(61)
N(l12)

C(118)

N{11)

C{15)

N{11)
C(15)

N(212)

C(218)

N(21)

C(25)
N(21)

C(25)

/V,gle

1.69

-2.07

2.57

178.92

-0.02

179.58

178.58

-1.83

0.52

-178.41

-0.55

177.86

-179.13

-0.72

1.05)

1.00)

2.44)

1.60)

1.20)

0.71)

0.87)

1.29)

1.43)

0.90)

0.95)

0.67)

0.61)

1.05)
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Table C.3. Structure factors (F2_, & F_)" for [Cu(dipp)2]TFPB.

H E L Obo '*'1¢ H g h Obl "'1¢ H K b Obl C81C H K L (No° Calc H K L Obg Calc

4 0 0 27• 402 4 3 0 1373 1316 -12 6 0 95 48 3 8 0 778 801 0 11 0 251 259

6 0 0 s47 3?4 -3 3 0 1968 1354 -11 • 0 16 46 4 8 0 27 30 i 11 0 4 4

4 0 0 ?04 $42 2 3 0 905 998 -10 • 0 335 407 $ 9 0 429 412 2 11 0 19 22

? 0 0 18 31 _ 3 0 244 2?2 -9 • 0 27i 302 6 8 0 92 122 3 11 0 19 2

I 0 0 161 106 4 3 0 387 306 -8 • 0 543 •04 ? 8 0 5 1 4 11 0 12i 8 2

9 0 0 •65 •28 $ 3 0 7817 6735 -7 • 0 511 332 • | 0 90 52 5 11 0 18 28

10 0 0 44 33 • 3 0 IO 62 -4 • 0 2040 2125 9 I 0 35 48 $ 11 0 197 191

11 0 0 29? 269 ? 3 0 426 409 -5 6 0 474 •SS -14 9 0 26 30 ? 11 0 30 33

12 0 0 12 • 9 3 0 339 23• -4 • 0 122 $9 -13 9 0 -7 0 -12 12 0 •5 ••13 0 0 ,5 . , 9 0 3 2 -3 . 0 ,,3 ,37 -129 0 306 3. -1112 0 • 0
14 0 0 0 0 10 3 0 lS 6 -2 • 0 2959 2591 -11 9 0 28 3 -10 12 0 12 1

-14 1 0 88 103 11 3 0 14 1 -1 • 0 2095 248? -10 9 0 239 177 -9 12 0 3 0

-13 1 0 230 228 12 3 0 13 25 0 • 0 111 99 -9 $ 0 73 104 -2 12 0 33 12

-12 1 0 9 1 -14 4 0 2 3 1 • 0 124 830 -8 9 0 7?2 427 -? 12 O 218 237

-11 1 0 39 56 -13 4 0 80 45 2 6 0 289 343 -7 9 0 393 577 -• 12 0 4? 23

-10 1 0 19 19 -12 4 0 100 92 3 • 0 216 270 -6 9 0 16 72 -S 12 0 333 300

-9 I o lO1, ,,, -11 4 o -1 I : : o 24, 13o -6 : : 1,4 1,o, -412 _ _ 1,-I 1 0 200 107 -10 4 0 615 50 0 23 43 -4 223 200 -3 12 80 931

-7 1 0 1095 111? -9 4 0 246 227 4 4 0 9 14 -3 9 0 692 $50 -2 12 0 198 220

-6 1 0 330 439 -• 4 0 1308 992 7 • 0 1405 1484 -2 9 0 17 1 -1 12 0 43 18

-3 1 0 1.83 1368 -? 4 0 79 33 . • 0 30 17 -1 , 0 427 696 012 0 • 18
-9 I 0 13.75 18539 -• 4 0 24 39 9 • 0 23 32 0 9 0 -s 0 112 0 21 20
-3 I 0 2 732 -3 6 0 4855 4113 10 , 0 12 25 I 8 0 1183 971 212 0 .• 83
3 1 0 2 559 -4 4 0 913 1172 11 , 0 , 11 2 , 0 121 ,4 312 0 1 1
4 1 0 477 807 -3 4 0 201 418 -14 7 0 1 7 3 9 0 159 135 4 12 0 20 17

5 1 0 9711 9290 0 4 0 7112 ?906 -13 ? 0 25 2 4 9 0 | 1 $ 12 0 80 103

$ 1 0 211 74 1 4 ,0 25 10 -12 ? 0 9 28 b 9 0 3• •9 -11 13 0 49 67

? 1 0 84 42 2 4 0 209 290 -11 7 0 12 0 6 9 0 25 32 -10 13 0 3? 28

S 1 0 307 564 3 4 0 6 ? -10 ? 0 5 5 ? 9 0 84 94 -9 13 0 280 2?9

9 1 0 408 432 4 4 0 1214 996 -9 ? 0 59 33 $ 9 0 128 118 -9 13 0 147 139

10 1 0 4 9 5 4 0 495 835 -8 7 0 63 40 9 9 0 38 13 -7 13 0 160 187

11 1 0 16 10 • 4 0 23 16 -7 7 0 1249 ]030 -13 10 0 4 0 -6 13 0 $0 57

12 1 0 11 1 ? 4 0 8 2 -6 ? 0 446 421 -12 10 0 95 99 -5 13 0 39 09

13 1 0 12 2 8 4 0 3 19 -5 7 0 1595 1284 -11 10 0 0 3 -4 13 0 1?5 127

-14 2 0 0 2 9 4 0 1387 1277 -4 7 0 1954 1524 -10 10 0 370 453 -3 13 0 473 477

-13 2 0 17 4 10 4 0 12 4 -3 ? 0 44 42 -9 10 0 2$ 32 -2 13 0 307 251

-12 2 0 • 11 11 4 0 80 44 -2 7 0 589 623 -4 10 0 545 931 -1 13 0 313 469

-11 2 0 33? 329 22 4 0 17 25 -1 ? 0 832 999 -7 10 0 -2 13 0 13 0 146 185

-10 2 0 50 93 -14 3 0 0 0 0 ? 0 1715 1882 -6 10 0 306 419 1 13 0 347 335

-9 2 0 250 263 -13 5 0 27 • 1 ? 0 23 •2 -5 10 0 0 11 2 13 0 18 21

-8 2 0 1288 1428 -12 5 0 299 26? 2 ? 0 989 1030 -4 10 0 39 97 3 13 0 82 77

-7 2 0 13 1 -11 5 0 266 250 3 7 0 781 409 -3 10 0 243 147 4 13 0 70 36

-6 2 0 156 94 -10 S 0 73 49 4 ? 0 50 113 -2 10 0 158 169 -10 14 0 2 1

-5 2 0 2629 2255 -9 $ 0 138 134 5 7 0 952 729 -1 10 0 311 208 -9 14 0 5 9

-4 2 0 103 124 -0 5 0 531 633 8 ? 0 395 510 0 10 0 34 •5 -8 14 0 33 5 ?

3 2 0 881 839 -? 5 0 767 475 ? ? 0 302 322 I 10 0 255 170 -7 14 0 449 44?

4 2 0 2?]2 2150 -6 S 0 1440 1681 0 ? 0 3 5 2 10 0 0 2 -$ 14 0 17 11

5 2 0 418 •04 -$ 5 0 2468 2204 9 ? 0 70 51 3 10 0 204 206 -5 14 0 171 123

6 2 0 4526 4365 -4 5 0 1697 1687 10 ? 0 28 23 4 10 0 11 45 -4 14 0 106 log

? 2 O 96 43 -3 5 0 204 310 -14 8 0 75 82 5 10 0 19 2 -3 14 0 02 120

8 2 0 178 97 -2 5 0 171 162 -13 8 0 216 226 6 10 O • 12 -2 14 0 77 99

9 2 0 392 392 -1 5 0 195 155 -22 8 0 7 3 ? 10 0 -5 3 -1 14 0 31 19

10 2 0 50 64 0 5 0 1147 893 -11 8 0 -1 25 8 10 0 79 ?3 0 14 0 235 202

11 2 0 116 141 1 5 0 441 380 -10 8 0 125 125 -13 11 0 1 8 1 14 0 19 15

12 2 0 29 29 2 5 0 1980 2349 -9 8 0 105 90 -12 11 0 195 232 2 14 0 6 0

13 2 0 27 12 3 5 0 2213 1997 -8 0 0 751 . 643 -11 11 0 -2 8 -9 15 0 9 10

-14 3 0 8 2 4 5 0 1373 1218 -? 8 0 129 100 -10 11 0 55 44 -8 15 0 -12 0

-13 3 0 92 60 5 b 0 1290 1158 -6 8 0 2158 1928 -9 11 0 124 155 -T 15 0 167 118

-12 3 0 0 1 • b 0 -3 0 -5 S 0 -7 43 -8 11 0 183 172 -6 15 0 -10 2

-11 5 0 26 47 ? S 0 2211 1738 -4 g 0 266 43? -7 11 O 422 319 -5 15 0 192 111

-10 3 0 255 273 0 b 0 38 42 -3 $ 0 919 952 -6 11 0 120 90 -4 15 0 8 0

-9 5 0 207 289 9 5 0 -3 6 -2 0 0 85 99 -b 11 0 423 441 -3 15 0 16 32

-8 3 0 65 4 10 5 0 88 112 -1 0 0 2925 2960 -4 11 0 331 250 -2 15 0 191 161

-? 3 0 4869 5069 11 $ 0 3 1 0 0 0 28 55 -3 11 0 344 385 -1 15 0 93 101

-8 3 o 246 286 -14 • o 1 o I o o 1314 1425 -2 11 o 6 4 o15 o 1 o
-5 3 0 61 37 -13 6 0 118 90 2 3 0 217 140 -1 11 0 526 445 2-16 1 _ 4

3-16 1 9 22 -6-11 1 27 ? -10 -8 1 $ 4 4 -6 1 4490 5045 -9 -3 1 24 10

4-16 1 18 11 -5-11 1 110 105 -9 -g 1 177 202 3 -6 1 4235 3510 -8 -3 1 75 63

5-16 1 9 1 -4-11 1 -2 12 -e -9 1 184 203 • -6 1 194 139 -? -3 1 5 2

6-16 1 55 31 -3-11 1 b? 33 -? -8 1 105 94 ? -6 1 1076 1103 -6 -3 1 89 27

-1-151 i? 7 -2-.I -5 _ -$::I 3o, 3o7 8-$1 153 99 :_:_I 1 o0-15 1 $ 0 -1-11 1 147 19 -5 15 24 9 -6 1 30 48 1078 900

1-15 1 26 16 0-11 1 203 122 -4 -e 1 753 862 10 -6 1 -3 o -3 -3 ) 4912 48?8

2-15 1 181 142 1-11 1 99 115 -3 -g 1 43 55 11 -6 1 11 23 3 -3 1 17367 16178

3-15 1 221 231 2-11 1 822 9?4 -2 -$ 1 959 963 12 -6 1 427 375 4 -3 1 3?69 3221

4-16 1 163 145 3-11 1 51 96 -1 -0 1 91 170 13 -$ 1 116 123 6 -3 1 $456 62?3

5-15 1 370 318 4-11 1 006 833 0 -0 1 14 4? 14 -6 1 13 1 • -3 1 $241 5680

6-15 1 33 22 5-11 1 03 $2 1 -8 1 398 520 -12 -5 1 3? 54 ? -3 1 1003 1161

?-15 1 42 59 6-11 1 189 100 2 -8 1 24 19 -11 -5 1 9 1 $ -3 1 661 543

8-15 1 2 11 7-11 1 7 6 3 -8 1 0 3 -10 -5 1 34 42 9 -3 1 931 717

9-1s I 11 _ 8-11 1 2? 26 4 $ 1 4560 4807 -9-5 1 14 • lO-3 1 -4 o
-3-14 1 151 139 9-11 1 14 28 5 -8 1 2?4 355 -8 -5 1 4?4 559 11 -3 1 302 296

-2-14 ; 18 12 10-11 1 35 39 6 -9 1 197 209 -? -b 1 304 316 12 -3 1 3? 16

-1-14 1 15 9 11-11 1 20 27 ? -9 1 1366 1422 -6 -5 1 283 294 13 -3 1 18 lS

0-14 1 2$5 273 12-11 1 39 41 | -8 1 583 566 -5 -5 1 2 ? 14 -3 1 39 30

1-14 1 132 129 13-11 1 115 99 9 -9 1 200 282 -4 -5 1 4 12 -13 -2 1 ? $

2-14 1 116 103 -8-10 1 32 19 "10 -8 1 165 169 -3 -5 1 541 427 -12 -2 1 0 0

3-14 1 144 132 -7-10 1 99 129 11 -8 1 81 95 -2 -5 1 1147 1190 -11 -2 1 28 29

8-181 33 31 -6-101 , 1 12-. 1 159 133 -1-5 1 1530 1622-10-2 , 16, 143
5-14 1 426 3?3 -5-10 1 ? • 13 -8 1 0 3 0 -5 1 3490 3820 -9 -2 1 17 18

6-14 1 34 25 -4-10 1 -4 ? 14 -0 1 11 14 1 -6 1 486 4?0 -8 -2 1 41 24
?-14 1 0 4 -3-10 1 194 167 -11 -7 1 22 10 2 -5 1 53 68 -? -2 1 312 2?9

0-14 1 79 75 -2-10 1 237 2$8 -10 -? 1 0 0 3 -5 1 167 107 -4 -2 1 2725 32?8

9-14 1 7 1 -1-10 1 596 417 -9 -? 1 53 40 4 -5 1 261 171 -5 -2 1 4032 4243

-2 1 741 692
10-14 1 12 34 0-10 1 59 82 - -? 1 11 1 5 -5 1 176 152 -4

-5-13 1 21 31 1-10 1 218 295 - -? 1 115 166 6 -5 1 113 193 -3 -2 1 2152 2201

-4-13 1 38 21 2-10 1 1666 1407 -6 -7 1 125 143 ? -5 1 214 239 4 -2 1 593 682

-3-13 1 151 170 3-10 1 41 49 -$ -7 1 690 559 9 -5 1 806 809 $ -2 1 2855 2943

-2-13I I I 4-10I 32? 283 ::-, 1 1$72 1585 _.5 1 12_ 1312 ,:: i 86,5 4315
- 9 -5 1 ? 1 198 171-1-13 3-10 1 133 162 -? 1 175 238 1

0-13 1 193 213 •-10 1 664 ?09 -2 -? 1 117 111 11 -5 1 218 181 8 -2 1 295 189

1-13 1 153 129 7-10 1 93 99 -1 -? 1 0554 8091 12 -5 1 48 52 9 -2 1 13 57

2-13 1 8 7 $-10 1 900 647 0 -7 1 21 30 13 -5 1 15 24 10 -2 1 61 70
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Table C.3, continued

H K L _ Calc X g L _ Calc H K L ON C.II¢ X K L Oas Calc H K L aDS ¢al©

...............................................

3-13 1 12 05 9-10 1 239 411 I o7 1 130 95 14 -S 1 49 57 11 -2 1 31 41

4-13 1 150 1J0 10-10 1 242 351 2 -7 1 1725 1521 -12 -4 1 J 4 12 -2 1 313 278

S-13 1 97 79 11-10 1 12 79 3 -7 1 1832 1161 -11 -4 1 361 •26 13 -2 1 20 33

6-13 1 321 365 12-10 1 92 124 4 -7 1 742 581 -10 -4 1 ? 1 14 -2 1 1 7

7-13 1 185 151 13-10 1 65 61 $ -7 1 402 295 -9 -4 1 134 149 -14 -1 1 31 13

8-13 1 73 SO -O -9 1 12 17 6 -7 1 150 38 -1 -4 1 321 215 -13 -1 1 -1 4

3-13 1 61 33 -8 -9 1 3 1 7 -7 1 132 07 -7 -4 1 493 175 -12 -1 1 -5 0

10-13 1 0 1 -7 -$ 1 197 153 • -7 1 40 18 -• -4 1 557 373 -11 -1 1 10 13

11-13 1 11 3 -6 -9 1 4 1 9 -7 1 732 112 -5 -4 1 397 377 -10 -1 1 179 226

-6-12 1 6 0 -S -9 1 14 17 10 -? 1 45 66 -4 -4 1 3401 3230 -9 -1 1 $5 g2

-5-12 1 112 210 -4 -J 1 463 334 11 -7 3 6H 704 -3 -4 1 1479 1472 -8 -1 1 231 227

-4-12 1 12 34 -3 -9 1 217 311 12 -7 1 8 11 -2 -4 1 6153 6700 -7 -1 1 39 103

-3-12 1 24 7 -2 -9 1 21 $3 13 -7 2 33 31 -1 -4 1 t381 1592 -6 -1 1 120 163

-2-12 1 222 205 -1 -9 1 479 1123 34 -? 3 1S 1 • -4 1 4605 1112 -3 -1 1 131 53

112 1 4,. 4,1 0, 1 7,0 ,05 11-4 I 22. 21, •-4 1 4. 2. -4I i 3,3. 3132
0-12 1 21 24 1 -3 1 37 14 -10 • 2 131 156 5 -4 1 1116 1433 • -1 1 1762 1542

1-12 1 11 1 2 -4 1 1'4 214 *2 -4 1 773 635 6 -4 1 372 213 S -1 1 11716 11202

2-12 1 -3 1 3-9 1 53 3' -8-' 1 2' 14 7-4 1 ' 3 4-1 1 1'4

3-121 24 32 4-91 71' ,71-7-41 -2 1 '-41 ' 2 7-11 S7

4-12 1 3S1 24. ' -9 1 1304 1364 -g -6 1 1000 1112 91-4 141 11? 8 -1 1 8

3-12 1 99 57 6 -3 1 1615 1127 -5 -6 1 3 7 10 -4 2 1100 307 $ -1 1 120

• -12 1 1005 762 7 -3 1 115

7-12 1 09 10 1-9 1 6220-12 27 317 3-9 1 '

9-12 1 90 117 10 -9 1 222

10-12 1 206 131 11 -3 1 254

11-12 1 45 21 12 -9 1 35

12-12 1 13 S 13 -3 1 12

-?-11 1 52 .1 14 -3 1 15

-11 0 1 •0 8 -14 • 1 25

-10 0 ] 359 133 -13 3 1 13

-9 0 1 154 192 -12 3 1 7

-6 0 1 53 26 -11 3 1 275

-7 0 1 9?9 1301 -10 3 1 251

-6 0 1 775 996 -9 3 1 1

-5 0 1 104 660 -I 3 1 630

-4 0 1 8046 1432 -7 3 1 36?

136 -4 -g 1 1221 14tl 11 -4 1 38 46 10 -1 1 274

339 -3 -1 1 369 214 12 -4 1 385 295 11 -1 1 7

1 -2 -I 1 7200 7136 13 -1 1 0' 91 12 -1 1 6

177 -1 -I 1 1.77 2711 14 -1 1 11 21 13 -1 1 4

239 0 -4 1 3311 414' -13 -3 1 121 96 14 -1 1 3 3

20 1 -6 1 357 373 -12 -3 1 10 55 -14 0 1 24

22 2 *4 1 150 180 -11 -3 1 49 42 -13 0 1 -2

17 3 -6 1 430 440 -10 -3 1 ' 1 -12 0 1 400

23 1 ' 1 300 207 -9 4 1 1330 1190 -10 11 1 53

64 2 ' 1 471 273 -1 1 1 49 29 -9 11 1 -5

• 3 5 1 3509 3365 -7 I 1 2315 2359 -8 11 1 139

195 4 5 1 1704 1560 -6 0 1 653 508 -? 11 1 144

111 5 5 1 0 0 -5 0 1 1763 1453 -6 11 1 29

1 6 ' 1 46 ?4 -4 0 1 52 129 -5 11 1 .O

519 7 5 1 453 405 -3 1 1 2214 2233 -4 11 1 _16

294 1 $ 1 571 563 -2 • 1 3

-3 0 1 1 139 -6 3 1 1549 1121 . S 1 29

3 0 1 376 255 5 3 1 334 140 105 I 1,5
4 0 1 2607 2913 -4 3 1 -3 7 11 S 1 15

5 0 1 314 304 -3 3 ) 8622 1619 -14 6 1 54

6 0 1 3564 3054 1 3 1 9043 9918 -13 6 1 •0

7 0 1 42 81 2 3 1 877 621 -12 6 1 535

4 0 1 •0 41 3 9 1 39 57 -11 6 ] 77

8 0 1 5 4 4 3 1 196 22? -10 6 1 170

10 0 1 246 119 S 3 1 1853 1308 -9 I 1 270

11 0 1 45 45 I 3 1 1594 1091 -1 1 1 13

12 0 1 74 78 7 3 1 1147 1237 -7 6 1 55

13 0 1 •0 66 | 3 1 754 630 -6 6 1 S02

54 -1 8 1 21

165 0 1 1 91

11 1 S 1 124

43 2 I ] 113

74 3 • 1 144

456 4 8 1 322

104 ' 0 1 12

170 6 6 1 148

274 ? • 1 208

I 6 • 1 51

21 9 0 1 9
0523 -14 9 i

161

141

2

92

199

:
4

.1

27

4

359

6e

3

137

210

24

•3

$66

16 -3 11 1 313 236

6 -2 11 1 446 306

164 -1 11 ] 15• 150

136 0 11 1 9 7

265 1 11 1 73 ?4

117 2 11 1 27 29

364 3 11 1 191 206

14 4 11 1 433 434

171 5 11 1 52 42

205 I 11 1 65 •2

23 -12 12 1 -4 0

11 -11 12 I 103 104

10 -10 12 1 14 26

me -3 12 1 -1 •

2? -9 12 1 62 102

302 -7 12 1 09 125

22 -6 12 1 124 17

652 -5 12 1 291 2?9

3 -4 12 1 441 310

-14 1 1 7 0 9 3 1 3 5 -5 1 1 1159 1060 -13 9 1 90

-13 1 1 4 0 10 3 1 04 '7 -4 6 1 137 150 -12 9 1 27

-12 1 1 32 61 11 3 1 2 4 -3 1 1 163 215 -11 9 1 205

-11 1 1 47 41 12 3 1 116 111 -2 6 1 332 240 -10 9 1 9

-10 1 1 625 6?7 -14 4 1 41 47 -1 6 1 2?2 153 -9 9 1 552

-9 1 1 71 39 -13 4 1 17 21 0 I 1 1151 322 -O 9 1 31

• 1 10 25 -12 4 1 726 641 1 6 1 3548 3213 -7 9 1 2359 1175 -3 12 1 65 37

i 1 1369 1116 -11 4 1 124 111 2 • 1 3017 3609 -6 9 1 2 18 -2 12 1 643 787

-6 1 1 2200 2532 -10 4 1 120 150 3 • 1 35 64 -5 9 1 649 637 -1 12 1 27 59

-5 1 1 3652 4119 -9 4 1 276 216 4 • 1 116 169 -4 9 1 419 462 0 12 1 201 249

-4 1 1 4?29 5009 -6 4 1 414 417 5 6 1 19 37 -3 9 1 58 90 1 12 1 171 164

3 1 1 1152 754 -7 4 1 426 440 6 6 1 9 10 -2 9 1 352 314 2 12 1 524 529

4 1 1 1002 1072 -6 4 1 938 1045 ? 6 1 15 23 -1 9 1 873 ?22 3 12 1 136 114

5 1 1 929 918 -5 4 1 206 237 I 6 1 597 •00 0 9 1 1 3 4 12 1 30 21

6 z i 1236 1313 -4 6 1 lo9o 926 9 6 I 3_ 46 z 9 ; 4.s 403 5 12 1 23 24
7 1 1 2222 2052 -3 4 ] 1360 1732 10 6 1 4 3 2 9 1 414 293 -11 13 1 -6 1

8 1 1 1310 1529 -2 4 1 2176 3503 -14 ? 1 13 14 3 9 1 7 7 -10 13 1 65 94

9 1 1 04 94 -1 4 1 7290 ?993 -13 7 1 222 262 4 9 1 200 148 -9 13 1 66 ]9

10 1 1 17 23 0 4 1 1350 1512 -12 7 1 52 34 S 9 1 7 7 -O 13 1 60 33

11 1 1 10 14 1 4 1 719 753 -11 7 1 729 773 6 9 1 63 90 -7 ]3 1 I 4

12 1 1 210 235 2 4 1 10301 17560 -10 7 1 34 44 7 9 1 5 5 -6 13 1 432 44213 i 1 7 2 3 6 , 6 2 , 7 I 929 905 . , 1 . 2, 513 1 150 126
-14 2 1 40 39 4 4 1 017 709 -3 ? 1 423 372 -13 10 1 77 36 -4 13 1 286 230

-13 2 1 6 2 5 4 1 1361 2017 -7 7 1 402 485 -12 10 1 1 0 -3 13 1 3 10

-12 2 1 610 316 6 4 1 1343 1077 -6 ? 1 64 66 -11 10 1 75 03 -2 13 1 435 308

-11 2 z 9 I 7 4 1 .3 13 -. 7 1 5261 .2_2 -10 10 z 145 104 -z 13 z 46
-10 2 1 17 74 9 4 1 95 112 -4 ? 1 2477 1986 -9 10 1 73 60 0 13 1 22 1

2

-9 2 1 207 146 9 4 1 3 3 -3 T 1 1•90 1740 -8 10 1 234 243 1 13 1 41 22

-O 2 1 790 770 10 4 1 74 59 -2 7 1 96 128 -7 10 1 167 130 2 13 1 30 32

-? 2 1 601 461 11 4 1 15 5 -1 ? 1 740 392 -6 10 1 19 69 3 13 1 45 35

-t 2 1 352 .09 22 4 1 _ 1 0 ? 1 95 114 -5 10 1 32 46 -i0 14 1 22 24
-5 2 1 2497 2177 -14 5 1 13 148 1 7 1 196 136 -4 10 1 1176 1164 -9 14 1 271 228

4 2 1 1726 156513 5 1 97 66 2 7 1 172 10. 310 1 799 ,0 .16 1 32 ,
-3 2 I 9 • -12 5 1 49 67 3 7 z 122 .6 -2 10 1 42s 415 -7 14 1 ze 4

2 2 1 ]413 1670 -11 5 1 1218 1228 4 ? 1 1624 1565 -1 10 1 332 354 -6 14 1 171 165

3 2 1 2041 2638 -10 5 1 162 172 5 7 1 92 93 0 10 1 560 501 -5 14 1 0 1

4 2 1 245 314 -9 . 1 153 134 . 6 7 1 113' 1101 1 10 1 160 182 -4 14 1 279 298

5 2 1 1654 1416 -1 5 1 718 763 7 7 1 2 6 2 10 1 5 30 -3 14 1 94 03

6 2 1 141 211 -? 5 1 2604 2561 1 7 1 10 6 3 10 1 75 19 -2 14 1 219 237

? 2 1 47 52 -6 S 1 11 17 9 ? 1 11 0 4 10 1 76 80 -1 14 1 2 '

8 2 1 116 192 -. 5 1 2223 1936 10 ? 1 6 ) 5 10 1 201 238 0 14 1 107 175

9 2 1 -3 2 -4 5 1 11 31 -14 1 1 19 0 6 10 1 1 5 I 14 1 4 1

10 2 1 291 236 -3 5 1 4000 4119 -13 O 1 44 55 ? 10 1 S1 33 -1 15 1 19 1

11 2 1 42 25 -2 5 1 4539 4336 -12 O 1 0 ? -13 11 1 35 30 -7 15 1 13
12 2 1 13 5 -1 S 1 3127 3054 -11 8 1 0 26 -12 11 1 11 0 -6 15 1 51 4

13 2 1 19 9 0 S 1 1491 1.47 -10 . 1 131 1?1 -11 11 1 -6 . -5 15 1 31 23

-4 15 1 118 92 4-12 2 235 262 2 -• 2 6 5 -9 -6 2 422 431 4 -4 2 13 10

-3 15 ) 29 43 5-12 2 42_ 461 3 -9 2 2425 2260 -1 -6 2 81 89 5 -4 2 1105 1276

-2 15 1 33 25 6-12 2 11 55 4 -9 2 369 333 -7 -6 2 592 397 6 -4 2 16 13

-1 15 1 42 54 7-12 2 152 114 5 -9 2 955 990 -6 -6 2 663 755 7 -4 2 21 21

1-16 2 75 10 8-12 2 126 144 6 -9 2 801 920 -5 -6 2 261 173 O -4 2 2577 2813

2-16 2 94 52 9-12 2 109 66 7 -9 2 45 105 -4 -6 2 175 761 9 -4 2 50 57

3-16 2 61 79 10-12 2 75 68 I -9 2 3 5 -3 -6 2 706 815 10 -4 2 808 968

4-16 2 96 141 11-12 2 116 135 9 -9 2 176 170 -2 -6 2 3966 3550 21 -4 2 21 O
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Table C.39 continued

H K L ¢_s Cal¢ H E L _ Cal¢ H 1_ L Olos Ca1¢ H K L _ Ca1¢ H K L 058 Calc

5.6 2 -_; .... , 1;.; 2 94 ,1 10-9 ; 11 , -1-6 ; 5,1 ,55 12-4 ; ;0 ---_6
&-15 2 268 209 -4-11 2 91

7-16 2 -1 2 -?-11 2 0

-2-1'5' 2 72 63 -6-31 2 $3

-1-13 2 60 21 -3-11 2 $6

0-1'5' 2 226 206 -4-11 2 1

1-1'5' 2 29 2? -3-11 2 13'5'

2-1'5' 2 193 192 -2-11 2 353

3-15 2 122 118 -1-11 2 6

4-2`5. 2 4 28 0-11 2 34

5-15 2 23 30 1-11 2 113

6-15 2 154 173 2-11 2 2`5.4

7-15 2 -8 9 3-11 2 6`5.

2-15 2 91 4`5. 4-11 2 -I

9-15 2 10 12 $-11 2 727

"-4-14 2 7 12 6-11 2 232

-3-14 2 44 52 7-11 2 34`5.

-2-14 2 302 274 0-11 2 132

-1-14 2 10 1 9-11 2 lib

0-14 2 100 `5.9 10-11 2 3

1-14 2 7`5. 111 11-11 2 212

2-14 2 13 `5. 12-11 2 ?9

3-14 2 12 16 13-11 2 -7

4-14 2 -1 10 -9-10 2 29

6-14 2 1,5. 0 -6-10 2 15

6-14 2 83 44 -7-10 2 10

7-14 2 130 160 -6-10 2 71

50 11 -9 2 8

1 12 -3 2 186

$0 13 -9 2 -4

24 -10 -9 2 25

2 -9 -4 2 90

116 -9 -2 2 221

396 -7 -2 2 39 28 6 -6 2 $

16 -6 -9 2 291 236 7 -6 2 419

2S -S -e 2 $ 1 2 0 -_ 2 300

94 -4 -6 2 51 22 9 -6 2 110

223 -3 -| 2 27 22 10 -6 2 315

93 -2 -6 2 1900 1716 11 -4 2 0

1 -1 -6 2 124 149 12 -6 2 12

740 0 -4 2 3802 6304 13 -6 2 24

225 1 -4 2 3657 5034 14 -6 2 0

344 2 -| 2 0 0 -12 -5 2 93

16'5' 3 -9 2 02 110 -11 -5 2 10

176 4 -| 2 1055 996 -10 -5 2 261

2 5 -8 2 34 27 -9 -`5. 2 24

176 4 -0 2 689 303 -9 -S 2 139

109 ? -$ 2 981 ?94 -7 -5 2 6

1 8 -| 2 24 3? -g -5 2 16,5.9 1303 10 -3 2 222

36 6 -6 2 126 151 -5 -5 2 $09 726 11 -3 2 111

19 10 -8 2 44 34 -4 -6 2 729 b$7 12 -3 2 • 265

9 11 -2 2 4 1 -3 -`5. 2 129 124 13 -3 2 10

21 12 -2 2 21 20 -2 -5 2 10'5'|5 10224 14 -3 2 29

11 0 -6 2 `5.750 51'5'0 23 -4 2 4 2

191 1 -6 2 2? 40 14 -4 2 21 16

1 2 -6 2 1332 10'5'4 -13 -3 2 -2 0

10 3 -6 2 216 104 -12 -3 2 16 14

4`5. 4 -6 2 1322 1107 -11 -3 2 0 11

208 `5. -6 2 7170 $750 -10 -3 2 242 265

4 -9 -3 2 57 24

376 -4 -3 2 11 2
336 -7 -3 2 2 6

92 -6 -3 2 127 179

56`5. -`5. -3 2 1461 1346

14 -4 -3 2 609 260

10 -3 -3 2 2146 1607

`5.4 1 -3 2 1735 1?74

3 -3 2 7443 1400
10 4 -3 2 11732 11211

16 $ -3 2 2222 2019

263 6 -3 2 4463 5321

22 ? -3 2 13g7 1310

112 9 -3 2 3460 2958

S 9 -3 2 361 503

160

102

297

10

49

2-14 2 144 103 -,5.-10 2 71 b9 13 -0 2 4? 57 -1 -b 2 16060 14741 -14 -2 2 5 4

9-14 2 ?0 `5.4 -4-10 2 119 113 14 -8 2 s 3 0 -5 2 203 117 -13 -2 2 -3 2
10-14 2 24 20 -3-10 2 ? 4 -11 -7 2 30 22 1 -$ 2 3378 4071 -12 -2 2 441 428

-5-13 2 -4 3 -2-10 2 1'5'53 1'5'50 -10 -7 2 30 0 2 -5 2 947 1003 -11 -2 2 89 102

-4-13 2 4 4 -)-10 2 329 426 -9 -7 2 281 340 3 -$ 2 1539 2173 -10 -2 2 17 14

-3-13 2 ? 0 0-10 2 80 70 -0 -7 2 2150 994 4 -`5. 2 60 120 -9 -2 2 334 341

-2-13 2 77 75 1-10 2 2549 2`5.00 -7 -? 2 168 190 5 -,5. 2 1664 1486 -6 -2 2 ?? 141

-1-13 2 -1 1 2-10 2 453 `5.26 -6 -7 2 205 290 6 -`5. 2 698 `5.70 -7 -2 2 405 421

0-13 2 ? 15 3-10 2 914 002 -5 -7 2 3 1 ? -`5. 2 045 79? -6 -2 2 2249 1902

1-132 31 44 4-102 . . -4-7 2 0 1 0-$ 2 13,9 1126 -`5.-22 ,494 33.
2-13 2 333 255 '5'-10 2 262 151 -3 -7 2 202 324 9 -5 2 107 99 -4 -2 2 1264 1295

3-13 2 163 174 6-10 2 6? 71 -2 -? 2 64 181 10 -5 2 262 246 -3 -2 2 -2 44

4-13 2 147 115 ?-10 2 933 780 -1 -7 2 33?9 3215 11 -5 2 2 1 -2 -2 2 2 1

,5.5.-13 2 12 1 4-10 2 1 ) 0 -? 2 -6 5 12 -5 2 61,5. 466 2 -2 2 2 314

6-13 2 5 2 9-10 2 298 195 1 -? 2 966 068 13 -5 2 32 56 3 -2 2 17200 16116

?-13 2 351 374 10-10 2 49 98 2 -? 2 579 405 14 -5 2 20 21 4 -2 2 114 96

0-13 2 170 151 21-10 2 76 107 3 -? 2 4450 4705 -13 -4 2 19 2? `5. -2 2 4698 4639

9-13 2 289 235 12-10 2 3 8 4 -? 2 5667 5224 -12 -4 2 `5.4 `5.4 6 -2 2 ?909 6869

10-13 2 15 1 13-10 2 -2 1 `5. -? 2 939 038 -11 -4 2 ?4 50 ? -2 2 42 02

11-13 2 54 46 -10 -9 2 49 45 6 -7 2 406 619 -10 -4 2 255 101 0 -2 2 023 790

-?-12 2 3 0 -9 -9 2 43 41 ? -? 2 2 41 -0 -4 2 33 35 9 -2 2 1373 110,5.

-6-12 2 42 `5.4 -2 -g 2 123 109 $ -./ 2 126 113 -0 -4 2 ? 1 10 -2 2 121 142

-5-12 2 56 39 -'7 -9 2 193 181 9 -? 2 24"/ 212 -7 -4 2 36 25 11 -2 2 2 0

-4-12 2 390 3?3 -6 -9 2 30? 258 10 -./ 2 -2 3 -6 -4 2 90 81 12 -2 2 6`5. 49

-3-12 2 4 0 -5 -9 2 45 22 11 -? 2 26 16 -5 -4 2 190 1,5.6 13 -2 2 13 1

-2-12 2 51 44 -4 -9 2 210 127 12 -./ 2 2 l -4 -4 2 127 174 -14 -1 2 45 3`5.

-1-12 2 235 242 -3 -9 2 344 333 23 -? 2 19 13 -3 -4 2 3021 3748 -13 -1 2 111 134

0-12 2 9 1 -2 -9 2 427 738 14 -? 2 25 21 -2 -4 2 29?3 2564 -12 -1 2 6 10

1-12 2 620 `5.`5.6 -1 -9 2 476 253 -12 -6 2 0 0 1 -4 2 2770 2543 -11 -1 2 17 10

2-12 2 0 14 0 -9 2 40 30 -11 -6 2 30 19 2 -4 2 6920 8000 -10 -1 2 394 391

3-12 2 054 921 1-9 2 93 271 -10-6 2 17 3 3-4 2 1876 1021 -9-1 2 501 574

-0 -1 2 ?05 020 -9 2 2 600 640 3 4 2 71 116 -9 ? 2 72 77 -11 10 2 27 32

-? -1 2 472 300 -0 2 2 00`5. 431 4 4 2 320 213 -O ? 2 046 707 -10 10 2 42 15
-6 -1 2 2 13 -7 2 2 3650 3?53 5 4 2 16 28 -7 ? 2 1118 942 -9 10 2 66 02

-5 -1 2 53 41 -6 2 2 536 440 6 4 2 63 61 -6 ? 2 498 33? -8 10 2 6?6 652

-4 -1 2 2294 1939 -5 2 2 430 743 ? 4 2 432 364 -5 7 2 676 643 -7 10 2 9 21

-3 -1 2 1 07 -4 2 2 744 1039 8 4 2 13 16 -4 ? 2 4216 4139 -6 10 2 441 323

3 -1 2 18470 17467 -3 2 2 1373 1055 9 4 2 208 240 -3 ? 2 `5. 2 -`5. 10 2 94 35

4 -1 2 6000 5861 -2 2 2 5446 5035 10 4 2 56 1"/ -2 7 2 23 10 -4 10 2 414 514

5 -1 2 81"/ 1015 0 2 2 2337 6`5.03 11 4 2 16 6 -1 ? 2 102 163 -3 10 2 `5.43 460

6 -1 2 6'75 `5.42 1 2 2 `5. 44 -15 `5. 2 10 1 0 ? 2 -2 7 -2 10 2 336 469

? -1 2 2859 2421 2 2 2 775 ?38 -14 `5. 2 -2 0 1 7 2 134 70 -1 10 2 42 26

0 -1 2 574 49? 3 2 2 9?4 1048 -13 5 2 198 176 2 7 2 9?9 1223 0 10 2 339 393

.-1 2 105 202 4 2 2 3.2 3400-12 _ 2 1 0 3 7 2 21 44 110 2 340 5,5.1
10 -1 2 25 11 5 2 2 62 39 -11 3 2 136 110 4 ? 2 44 75 2 10 2 10 0

11 -1 2 260 224 6 2 2 286 263 -10 `5. 2 23 49 5 ? 2 0 2 3 10 2 211 214

12 -1 2 98 96 ? 2 2 175 101 -9 .5 2 347 284 6 ? 2 83 64 4 10 2 13./ 107

13 -1 2 95 64 O 2 2 472 493 -8 `5. 2 171 235 ? ? 2 2`5.0 200 `5. 10 2 159 146

-14 0 2 136 129 9 2 2 177 205 -? `5. 2 303 340 ' ? 2 6 2 610 2 1 4

-13 0 2 30 22 10 2 2 0 2 -6 5 2 252 306 9 7 2 23 19 -13 11 2 09 79

-12 0 2 11./ 1'5''5' 11 2 2 110 1'5'1 -5 `5. 2 -6 3 -14 8 2 10 ? -12 11 2 133 1'5'8

-11 0 2 154 171 12 2 2 72 55 -4 `5. 2 434 297 -13 O 2 335 339 -11 11 2 66 94

-10 0 2 13,5. ?2 -15 3 2 13 10 -3 5 2 32 63-12 . 2 92 26 -1011 2 22 3
-9 0 2 259? 2524 -14 3 2 15 17 -2 5 2 490? 4908 -11 9 2 34 16 -9 11 2 42 3 2
-0 0 2 150 161 -13 3 2 210 20? -1 5 2 460 633 -10 6 2 113 126 -4 11 2 233 165

-? 0 2 1772 1,5.05 -12 3 2 00 08 0 5 2 444 546 -9 8 2 27 64 -7 11 2 269 193

-6 0 2 54 `5.3 -11 3 2 095 936 1 b 2 74 104 -4 6 2 933 91'5' -6 11 2 204 2`5.`5.

-5 0 2 591 565 -10 3 2 66 48 2 `5. 2 '5'91 492 -7 8 2 153 165 -5 11 2 07 110

-4 0 2 623 459 -9 3 2 272 232 . 3 `5. 2 27 17 -6 0 2 1719 17,5.0 -4 11 2 213 190

3 0 2 2?0 298 -8 3 2 197 166 4 `5. 2 1330 1195 -5 8 2 40? 320 -3 11 2 670 634

4 0 2 2360 2581 -? 3 2 617 654 `5. 5 2 095 592 -4 0 2 7111 649 -2 11 2 00 77

`5. 0 2 495 442 -6 3 2 020 `5.9? 6 `5. 2 600 412 -3 0 2 04 160 -1 11 2 376 314

6 0 2 224? 1805 -5 3 2 2543 235? ? 5 2 23 20 -2 2 2 742 609 0 11 2 135 112

7 0 2 1103 ?93 -4 3 2 7?9 493 0 5 2 9 29 -1 0 2 733 679 1 11 2 `5.34 663

8 0 2 1124 1177 -3 3 2 1603 1'5'60 0 5 2 30 32 0 0 2 1717 166'5' 2 11 2 3 1'5'

9 0 2 420 2?0 -1 3 2 3979 4104 10 `5. 2 17 19 1 O 2 321 935 3 11 2 `5.3 `5.8

10 0 1 19 27 0 3 2 23 11 11 `5. 2 44 4? 2 0 2 634 563 4 11 2 64 05

11 0 2 91 91 1 3 2 1666 1814 -15 6 2 64 65 3 O 2 345 332 5 11 2 05 112

12 0 2 109 126 2 3 2 20?6 1959 -14 6 2 4 5 4 2 2 348 3`5.3 -12 12 2 45 `5.4

13 0 2 2 9 3 3 2 299 233 -13 6 2 44 30 5 0 2 32 44 -11 12 2 16 15

-14 1 2 0 0 4 3 2 231 964 -12 6 2 16 I0 6 8 2 67 65 -I0 12 2 0 1

-13 1 2 171 198 3 3 2 1201 1498 -11 6 2 14 5 ? 8 2 155 340 -9 12 2 141 113

-12 1 2 34 12 6 3 2 409 411 -10 6 2 1265 1112 0 B 2 171 181 -8 12 2 20 10

-11 1 2 661 605 ? 3 2 466 472 -9 6 2 ? 1 -14 g 2 20 96 -7 12 2 0 6

-10 1 2 107 93 0 3 2 10 39 -0 5 2 567 632 -13 9 2 39 ?2 -6 12 2 `5.4 ?6

-9 1 2 1150 1013 9 3 2 130 1'5'6 -7 6 2 53 100 -12 9 2 314 30? -`5. 12 2 63 105
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Table C.3, continued

H K L Obe Calc H X L _ _1c H K L a_ talc H X L Obs r'lc H R L Obn talc

• 1 2 s 6 10 3 2 31 22 -6 6 2 2•03 2522 -11 ; 2 21 10 -4 12 2 10 14
2s -S 6 2 -3 3 -10 3 2 1 1 -3 12 2 414 407

S2 -4 6 2 4299 4000 -9 9 2 5 0 -2 12 2 41 80
92 -3 6 2 23 14 -9 9 2 84 94 -1 12 2 494 437

0 -2 6 2 6340 6346 -7 3 2 255 232 0 12 2 54 23
109 0 6 2 490 436 -4 9 2 217 2•? I 12 2 8 ?

411 1 4 2 2023 1433 -3 • 2 490 471 2 12 2 4 0
1 2 • 2 308 461 -4 9 2 993 1141 3 12 2 152 111

178 3 6 2 ?0

252 4 • 2 148
39 S 4 2 ?S?

365 4 4 2 30
734 7 4 2 249

-7 1 2 1741 1430 11 3 2 17
-6 1 2 711 $14 12 $ 2 46

-S 1 2 2355 2170 -15 4 2 45
-4 1 2 36?2 3631 -14 4 2 0

2 : 2 3675 33088 -13 4 2 102
3 1 2 2263 2?37 -12 4 2 389

4 1 2 3305 3634 -11 4 2 2
3 1 2 243 239 -10 4 2 199

4 1 2 723 434 -• 4 2 13I
? 1 2 7 4 -4 4 2 25

4 1 2 127 123 -7 4 2 47I
9 1 2 261 264 -6 • 2 753

10 1 2 0 0 -S 4 2 232 252 6 6 2 25
11 : 2 14 21 -4 4 2 316 347 9 6 2 34

12 1 2 96 96 -3 4 2 1534 2625 10 6 2 $
-14 2 2 61 39 -2 4 2 666 439 -14 7 2 4

-13 2 2 34 74 -1 4 2 430? 4102 -23 7 2 -4
-12 2 2 369 364 0 4 2 3876 2243 -12 ? 2 224

-11 2 2 30 23 1 4 2 11 24 -11 7 2 11
-10 2 2 51 36 2 4 2 4336 4431 -10 9 2 7

1 13 2 193 206 7-13 3 246 207 31-10 3 14

2 13 2 6 2 6-13 3 134 149 12-20 3 23
-9 14 2 -2 6 9-13 3 42 26 13-10 3 34

-I 14 2 66 46 10-13 3 46 64 -10 -9 3 74
-? 14 2 116 126 11-13 3 17 4 -9 -9 3 1

-6 14 2 116 102 -7-12 3 14 10 -8 -9 3 35
-6 14 2 67 11 -4-12 3 33 1 -? -4 3 16

S6 -3 • 2 24 66 4 12 2 52 62

144 -1 9 2 42? 496 -11 13 2 3• 58
632 -1 9 2 431 349 -10 13 2 276 266

14 0 9 2 9 18 -9 13 2 43 32
273 1 9 2 •1 24 -| 13 2 400 334

32 2 $ 2 3?8 404 -7 13 2 2 1
43 3 • 2 369 315 -8 13 2 76 44

4 • 2 226 233 -5 13 112 136
2

S • 2 31 53 -4 13 2 26 1

2 4 9 2 246 174 -3 13 2 237 220
216 7 • 2 21 9 -2 13 2 19 36

24 -13 10 2 0 3 -1 13 2 273 267
9 -12 10 2 -3 2 0 13 2 10 6

1 3 -7 3 2643 2660 -21 -4 3 31 16
24 4 -7 3 2190 2196 -10 -4 3 42 16

34 6 -7 3 242I 1604 -4 -4 3 376 406
72 8 -7 3 404 648 -8 -4 3 11 2
15 7 -7 6 149 104 -? -4 3 26 ?

44 6 -? 3 201 150 -6 -4 3 210 403
15 9 -? 6 86 I1 -3 -4 3 44 28

-4 14 2 13 3 -6-12 3 26 4 -4 -9 3 58 ?1 10 -? 3 119 130 -4 -4 3 266 352-3 14 36 4 -4-12 3 14 22 -S -9 3 203 250 11 -? 3 365 362 -3 -4 3 1151 663
-2 14 2 44 4? -3-12 3 68 36 -4 -9 3 822 72? 12 -7 3 56 66 -2 -4 3 260? 2752

-1 14 2 16 2 -2-12 3 35 76 -3-9 6 3662 3423 13-7 3 10 $ -1-4 33 ? 60 14 2 2? 34 -1-12 a 223 246 -2-9 a 1936 1s52 -12-• 3 36 43 -4 13410 12030
-? 15 2 54 65 0-12 3 25 SO -1 -9 3 4140 3426 -11 -6 3 2?0 293 4 -4 3 330 265
-6 15 2 66 35 1-12 3 300 2?4 0 -9 3 2 6 -10 -6 3 3 1 5 -4 3 -3 10

-S 15 2 34 16 2-12 3 26 16 1 -9 3 136 62 -9 -6 3 267 2?0 6 -4 3 16203 14238
-4 19 2 35 3 3-12 3 18 1 2 -9 3 249 373 -0 -6 3 -2 3 ? -4 3 2756 1337

-3 13 2 33 16 4-12 3 610 484 3 -9 3 2504 2266 -? -6 3 348 370 6 -4 3 1106 1032
? 9 -4 3 1934 1935

o16 3 : • ,12 : 5, 6_ ::: _ ,2• 11o_ , : : 231-16 3 10 109 4-12 136 179 3 - 75 82 10 -4 10 •

214 3 . 36 712 : 152 130 09 : 2032 2011 :, : 2343 173. 11, 169 205
3-10 3 100 9? 8-12 16 19 7 -9 394 321 -6 213 295 12 -4 33 6 4
4-16 3 9 • 9-12 3 33 45 6 -9 3 606 720 -2 -6 3 6340 6837 13 -4 26 22

5-16 6 134 91 10-12 3 198 144 9 -9 3 • • -1 -2 6 1204 1508 -13 -3 33 106 99
4-16 3 -5 • 11-12 3 6 0 10 -9 3 151 164 • 3 13682 12379 -12 -3 140 135

,16 3 60 42 12-126 , 1 11, 3 3 _ 1, : 1647 144o-111333 4,o 46o
-3-16 3 49 29 -9-11 3 26 19 12 -9 3 21 1 2 -6 2129 1766 -10 3 170 169

-2-15 3 71 62 -7-11 3 105 92 13 -9 3 -5 S 3 -6 3 3700 3478 -9 -3 3 64 55
-1-15 3 48 l? -6-11 3 15 1 -11 -I 3 28 48 4 -• 3 3803 3705 -6 -3 3 11 1

0-15 3 16 4 -5-11 3 140 147 -10 -8 3 29 1 5 -• 3 657 627 -? -3 3 1623 1222

1-15 3 33 24 -4-11 3 17 O -9 -8 3 4 5 _ -• 3 10 14 -6 -3 3 2948 3289
2-15 3 202 191 -3-11 3 246 333 -8 -6 3 291 242 -• 3 67 42 -5 -3 3 149 200
3-15 3 173 140 -2-11 3 4•6 3?4 -? -I 6 110 134 8 -6 3 4?6 359 -4 -3 3 19 6

9? ?1 8 -4 3 9411 97"/ -3 -3 3 2971 35524-15 3 63 90 -1-11 3 67 91 -• -4 3
5-16 3 18 1 0-11 6 341 217 -5 -8 6 1101 999 10 -6 5 3 36 -2 -3 3 -1 62

?72 3 -3 3 119 123

6-IS 3 130 60 2-11 3 _4 81 -4 -4 3 244 136 11 -8 3 ?857-15 5 -4 3 2-11 3 8 799 -3 -0 3 4174 3714 12 -6 5 19 14 4 -3 3 10318 16943

6-15 3 11 0 3-11 3 808 595 -2 -8 3 145 188 13 -6 3 42 69 5 -3 3 2700 25?8
9-15 3 -1 0 4-11 3 041 6?0 -1 -8 3 10154 10040 -13 -5 3 68 85 6 -3 5 ?09 630

-4-14 3 21 10 5-11 3 137 102 0 -8 3 1464 1481 -12 -5 3 6 ? ? -3 3 58 80
-3-14 3 20 16 6-11 3 1260 1376 1 -8 3 llO 179 -11 -5 3 0 1 8 -3 3 40 37

-2-14 3 0 11 ?-11 3 4 20 2 -4 3 1057 905 -10 -S 3 95 122 9 -3 3 23 19
-1-14 3 61 36 8-11 3 2?4 313 3 -8 3 49 96 -9 -5 3 324 364 10 -3 3 124 14

0-14 3 30 29 9-11 3 85 64 4 -0 3 256 139 -4 -5 3 138 111 11 -3 3 151 111
1-14 3 235 225 10-11 3 154 176 5 -4 3 6 5 -? -6 3 61 53 12 -3 3 12 15

2-14 3 31 14 11-11 3 16 10 • -8 3 22? 191 -6 -5 3 26 16 13 -3 3 i 213-14 3 13 22 12-11 54 44 ? -e 3 445 482 -5 -5 3 36 66 -14 -2 3 •

414 : 2 _ ,10 3 148 18_ .. 3 447 32, 411 3 657 660-2311 3 15-14 171 19 -0-10 3 5 9 -I 3 165 179 -3 3 1699 1472 -12 3 65 63
4 2

4-14 3 30 3 -?-10 3 19 18 10 -8 3 400 484 -2 -S 3 1319 ?906 -11 -2 3714 25 0 •10 _ : 11. 3 163 8? 11_ : _294 754610 2 : 223 2°?6-14 _ 0 1 -5-10 16 214 12 -0 3 70 78 • 7824 10138 - -2 168 146

9-14 3 8, 46 -4.1• : 62 82 15-, _ -_ 1 _:_ : 1125 966 -,:: , 348 34?10-143 1_ 10 -3.10 : 57 -11- 2 44 .1 440 - : 126 56
-4-13 3 25 14 -2-10 3 30 313 -10 -7 3 174 206 3 -5 3 85 174 -6 -2 2649 2475-5-13 3 226 197 -1-10 3 1260 1310 -? 3 69 116 4 -S 3 2033 2040 -5 -2 3 398 639

-4-13 3 0 5 0-10 3 192 148 -8 -7 3 101 104 3 -5 3 197 234 -4 -2 3 1424 1203
-3-13 5 138 121 1-10 3 4 4 -? -? 3 79 1; • -5 3 605 806 -3 -2 3 2?40 3218

-2-13 3 33 11 2-1o, . ? 6-? _ 44. 4•o 7._ 3 16oi 16o: 211 3 4o6 448-1-13 3 -2 2 3-10 3 24 64 -5 -? 1137 9?6 8 -6 3 2 3 643? 5532

• -13 3 71 100 4-19 3 0 24 -_ -? 3 1257 1538 9 -$ 3 309 250 6 -2 3 2396 1870
1-13 3 254 252 5-10 3 1374 1041 - -? 3 3999 3573 10 -S 3 151 168 4 -2 3 931 702

2-13 3 341 262 6-10 3 1 13 -2 -? 3 326 668 11 -5 3 227 179 6 -2 33 4750 420?52 -1 -? 3 6225 6003 12 -5 3 15 30 • -2 990 7923-13 3 66 92 ?-10 3 38

413 3 15.? 1291 6.1o3 202 111 0? 3 ,1 17, 1_6 3 68 lo_ ::: ,_ 411 61_
6-13 3 236 230 9-10 3 95 84 . 1 -? 3 10 lO -13-4 3 •

• -13 3 363 334 10-10 3 301 303 2 -? 3 3846 3512 -12 04 3 68 102 9 -2 3 221 197

10 -2 3 49 05 5 1 3 101 599 -12 4 3 128 186 1 6 3 164 214 -4 _ 33 624 851

33 -3 1048 6461111 3 23 42 I 1 _ ,29 567 .11 , ?•2 _61 2 , 3 131 , ::12 3 175 lO? 1 1397 13?6 -lO 4 501 686 5 6 3 207 224 9 41 110

13 -2 3 119 114 I 1 3 0 3 -Y 4 3 04 66 4 6 3 204 175 3 706 845
-14-1 3 75 38 9 I 3 6 1 -6 4 3 93 114 5 6 3 364 422 0 9 3 43 28
-13-1 6 149 163 10 1 3 69 32 -? 4 a 246 401 6 6 3 19 2ca 21 99 3 41 153
-12 -1 3 91 99 11 1 3 2 0 -6 4 3 231 320 ? _ 3 ? 3 211 165
-11 -1 3 660 4?4 12 1 3 14 4 -5 4 3 1722 1604 4 3 O 0 3 9 3 116 120
-10 -1 3 1 1 -15 2 3 130 144 -4 4 3 4971 4?83 9 • 3 10 9 4 9 3 365 368

-9 -1 3 480 502 -14 2 3 14 14 -3 4 3 175 201 -14 ? 3 137 131 S 9 3 32 28

3 946 99313 2 _ 107 130 :_ 4 _ ,2 36 13 ? : 11 ? • , 3 15, 110_'_ , 2948 23•8 -12 2 488 475 4 1239 1320 -12 ? 2 ? , 3 4 5
. 1 _ ,2, 37611 : _ 41 3, o 4 _ 126 164-11 7 : 200 180131o : 3o 47-5 -1 3 369 293 -10 1241 1121 1 4 1360 1465 -10 7 768 666 -12 10 146 116
-4 -1 3 4788 3820 -9 2 3 41 ?? 2 4 3 9 2 -9 ? 3 685 642 -11 10 3 -8 1

2 -1 3 134 163 -8 2 3 1219 1003 3 4 3 42?4 4426 -6 ? 3 1508 1164 -10 10 3 19 40
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Table C.3, continued

4 -1 3 61
5 -1 3 gel;

6 -1 $ 11
7 -1 3 545

O -1 3 64
$ -1 3 173

10 -1 3 3
11 -1 3 51

12 -1 3 72
13 -1 3 20

-14 0 3 -4
-13 0 3 271

-12 0 1 330
-11 0 3 12

-10 O 3 103
-9 0 3 100
-8 0 3 356

-7 0 3 690

H g L Obe r.al© H K L Gt_ Calc H K L Gt)e Calc H K L Ot_e Calc

3-1 3 1491 1353 -_ 2 3 13 16 4 4 _ 31 16 -7 7 3 lO 2 -9 lO a 160

62 -6 2 3 1705 1296 S 4 3 100 121 -4 ? 3 35D 348 -0 10 3 62
_09 -5 2 3 3726 2m69 4 4 3 74 103 -S 7 3 1828 1S31 -7 10 3 266

31 -4 2 3 2637 2995 ? 4 3 751 ?23 -4 7 3 432 424 -6 10 3 6?
476 -3 2 3 4817 5630 O 4 3 100 74 -3 7 3 4478 4043 -S 10 3 413

40 -2 2 3 639 071 • 4 3 56 33 -2 7 3 331 374 -4 10 3 654
357 -1 2 3 1123 072 10 4 3 96 113 -1 7 3 11 7 -3 10 3 235

0 0 2 3 276 297 11 4 3 10 4 0 7 3 36 23 -2 10 3 117
51 1 2 3 959 1110 -15 5 3 42 59 1 7 3 520 521 -1 10 3 125

07 2 2 3 767 724 -14 5 3 263 236 2 7 3 440 S26 0 10 3 110

• 3 2 3 641 665 -13 5 3 214 193 3 7 3 726 776 1 10 3 67
5 4 2 3 464 350 -12 5 3 93 74 4 7 3 2100 1350 2 10 3 309

233 S 2 3 3820 4067 -11 $ 3 2154 1892 5 7 3 1028 1031 3 30 3 44

334 6 2 3 1 6 -20 5 3 794 706 6 7 3 17 4 4 10 3 24
21 7 2 3 723 805 -9 5 3 62 62 7 7 3 22 35 S 10 3 21

206 9 2 3 26 10 -I S 3 1445 1616 l 7 3 1 6 6 10 3 125
14• S 2 3 2 ? -7 5 3 553 213 9 7 3 -5 3 -13 11 3 103
346 10 2 3 00 84 -6 5 3 1716 1416 -14 8 3 23 29 -12 11 3 6

750 11 2 3 1 4 -5 5 3 534 390 -13 8 3 291 259 -11 11 3 15

-6 0 3 7217 6299 12 2 3 40 67 -4 5 3 734 724 -12 8 3 101 73 -10 11 3 203
-5 0 3 52 71 -15 3 3 0 2 -3 5 3 2772 2429 -31 0 3 0 1 -9 21 3 17
-4 0 3 7057 0634 -14 3 3 113 133 -2 5 3 603 420 -10 8 3 5•8 617 -0 11 3 21

2 0 3 163, 2324 -13 3 3 32 16 -1 5 _ 6096 7213 -3 . 3 137 230 -711 3 171
3 o 3 4 15 -12 3 3 1,2 233 o 5 3 214 14, -8 , 3 76 162 -611 3 o
4 0 3 ? 4 -11 3 3 575 g22 1 3 3 2491 2383 -7 8 3 30 54 -5 11 3 111

5 0 3 7677 6460 -10 3 3 560 567 2 5 3 201 142 -6 8 3 40 52 -4 11 3 46

6 0 3 01
7 0 3 579
8 0 5 -2

9 0 3 325

10 o 3 18
11 0 3 70

12 0 3 146
-15 1 3 11

-14 1 3 40
-13 1 3 3

-12 1 3 11
-11 1 3 358

-10 1 3 40
-9 1 3 30

-0 1 3 41
-7 1 3 158 204 6 3 3 100

-6 1 3 1 4 7 3 3 12
-5 1 3 1211 1114 6 3 3 129

-4 1 3 1556 1736 9 3 3 47
-3 1 3 1180 17290 10 3 3 14

0 1 3 716 31517 11 3 3 34

2, I I 2o9 205 -15 , I 23787 935 -14 4 0

4 1 3 2314 2162 -13 4 3 0
-10 13 3 50 46 0-13 4 519

-9 13 3 29 20 1-13 4 102

-8 13 3 87 73 2-13 4 902
-7 13 3 219 191 3-13 4 456

-6 13 3 27 36 4-13 4 -4
-5 13 3 159 181 5-13 4 9

-4 13 3 14 22 6-13 4 56
-3 13 3 lO 7 7-13 4 77

-2 13 3 5 1 8-13 4 82
-1 13 3 86 56 9-13 4 145

0 13 3 2 S 10-13 4 90
1 13 3 7 7 11-13 4 30

-9 14 3 100 77 -7-12 4 73
-8 14 3 15 S -6-12 4 102

156 -9 3 3 249 313 3 S 3 1727 1507 -5 8 3 1615 1445 -3 11 3 36

643 -6 3 3 1705 1320 • 5 3 313 202 -4 8 3 56 20 -2 11 3 26
0 -7 3 3 344 333 5 5 3 56 66 -3 8 3 1058 1025 -1 11 3 95

332 -6 5 3 79 70 6 5 3 660 697 -2 O 3 440 449 0 11 3 23

19 -5 3 3 49 59 7 5 5 21 35 -1 8 3 516 206 I 11 3 171
72 -4 3 3 1128 1374 8 5 3 148 148 0 8 3 204 225 2 11 3 87

115 -3 3 3 1172 1149 9 5 3 47 30 1 8 3 280 234 3 11 3 2
17 -2 3 3 936 722 10 5 3 58 70 2 | 3 181 211 4 11 3 40

52 -1 3 3 242 191 -15 g 3 20 29 3 0 3 6 2 -22 12 3 21
0 0 3 3 1071 1467 -14 6 3 106 10| 4 g 3 659 627 -11 12 3 35
1 1 3 3 952 1159 -13 6 3 45 40 5 9 3 29 10 -10 32 3 287

249 2 3 3 757 650 -12 6 3 105 104 6 $ 3 9 4 -9 12 3 141

53 3 3 3 1442 1453 -11 6 3 212 152 7 0 3 -1 0 -6 12 3 37
47 4 3 3 322 212 -10 6 3 142 148 9 9 3 25 16 -? 12 3 139

46 5 3 3 2205 2435 -9 s 3 113 lO2 -14 s 3 9 1 -6 12 3 9
86 -0 s 3 65 93 -13 9 3 17 21 -5 32 3 12 S

4 -7 6 3 1176 1239 -12 9 3 3 9 -4 12 3 96
114 -6 6 3 461 400 -11 9 3 425 348 -3 12 3 34

25 -5 6 5 3991 4149 -10 9 3 314 242 -2 12 3 51
6 -4 6 3 0460 6948 -9 9 3 01 60 -1 12 3 55

27 -3 6 3 2257 2023 -8 9 3 105 108 0 12 3 420

2Olo:I _ : 1::_ 1,65114°-6-7: ; II_ 21,14911212: 1_
0 0 6 3 304

479 3-10 4 313
110 4-10 4 303

601 5-10 4 24
242 6-10 4 59

3 ?-10 4 794
25 6-10 4 24

69 9-10 4 145
52 10-10 4 21

79 11-10 4 64
174 12-10 4 46

116 13-10 4 6
19 -10 -9 4 09

62 -9 -9 4 35
129 -8 -9 4 110

554 -5 9 3 1089 878 3 12 3 15

291 -6 -7 4 569 610 7 -5 4 166
273 -5 -7 8 104 47 9 -5 4 179

?2 -4 -7 4 21 45 9 -5 • ]47
82 -3 -7 4 42 67 10 -5 4 359

652 -2 -7 4 6 9 11 -5 4 190
6 -1 -7 4 2790 2967 12 -5 4 124

129 0 -7 4 3224 2574 13 -5 4 96
38 I -7 4 3320 2547 -13 -4 4 137
60 2 -7 4 125 120 -12 -4 4 217

50 3 -7 4 40 29 -11 -4 4 190
2 4 -7 4 1 2 -10 -4 4 70

95 5 -7 4 1070 035 -9 -4 4 69
39 6 -7 4 198 76 -6 -4 4 492

93 7 -7 4 443 487 -7 -4 4 10

H K L Obt Calc

193
SO

254
33

259
380

194
107

1•4
110

72

309
44
24

20
111

90

S
5

253
3

3
185

6

33

57
19
46

98

20
164

95
3

35
53

45
286

154
20

159
30

117
04

25
35

56
394

1

243
245

202
3o0

236
19

94
137
257

167
81

45
8Ol

3

-7 14 3 2 2 -5-12 4 93

-8 14 3 110 108 -4-12 4 3
-S 14 3 23 21 -3-12 4 259

-4 14 3 49 26 -2-12 4 252
-3 14 5 63 45 -1-12 4 12

-2 14 3 200 199 0-12 4 486
-1 14 3

-1-18 4
0-18 4
1-16 4

2-16 4
3-16 4

4-16 4 51
5-16 4 40

6-16 4 14
7-16 4 9

2-16 4 21
-3-15 4 15
-2-15 4 29

-1-15 4 -10

64 43 1-12 4 -1

12 3 2-12 4 S86
29 17 3-12 4 100

? 0 4-12 4 42?

64 65 5-12 4 360
1 0 6-12 4 73

53 7-12 4 250
54 8-12 4 65

0 9-12 4 65
6 10-12 4 40

2 11-12 4 104
15 12-12 4 3

6 -9-11 4 18

0 -8-11 4 12
0-15 4 224 252 -?-11 4 57

1-15 4 329 309 -6-11 4 47

2-15 4 30 29 -5-11 4 1
3-15 4 -10 0 -4-11 4 9 4

109 -7 -9 4 11 1 8 -7 4 327

13 -6 -9 4 69 07 9 -7 4 11
206 -S -9 4 15 7 10 o7 4 -1

161 -4 -9 4 22 53 11 -7 4 6
19 -3 -9 4 952 611 12 -? 4 23

506 -2 -9 4 7231 6636 13 -7 4 54
4 -1 -9 4 1540 1409 -12 -6 4 33

699 0 -9 4 1936 1716 -11 -6 4 16
71 1 -9 4 112 103 -10 -6 4 95

403 2 -9 4 1401 1163 -9 -6 4 92

263 3 -9 4 20 15 -8 -6 4 308
41 4 -9 4 -1 1 -7 -6 4 4

250 5 -9 4 129 55 -6 -6 4 613
33 6 -9 4 19 17 -5 -6 4 23

61 7 -9 4 158 157 -4 -6 4 29

65 , -9 4 44 112 -3 -" 4 235
9 -3103 -9 4 124 91 -2 -6 4

1 10 -9 4 26 1 -1 -6 4 27
11 11 -9 4 36 19 0 -6 4 60

17 12 -9 4 -2 0 1 -6 4 7

63 13 -9 4 • 5 2 -6 4 029
41 211 -8 4 31 15 3 -6 4 117

6 -10 -0 4 49 51 4 -6 4 0

60 -9 -8 4 62 31 5 -6 4 1148

6-15, 12 1 -3-114 64 72 -::: :5-15 4 149 159 -2-11 4 1072 1315 -
6-15 4 25 33 -1-11 4 22

7-13 4 17
8-15 4 37

9-15 4 7
-5-14 4 14

-4-14 4 9
-3-14 4 15

-2-14 4 21
-1-14 4 44

0-14 4 34

1-14 42-14 4
3-14 4 101

20 -6 -9 4 192

365 -6 -4 4 340 418
20 -5 -4 4 1214 1178

3 -4 -4 4 975 2014
2 -3 -4 4 1939 1706

25 -2 -4 4 160 187

61 1 -4 4 1775 1509
27 2 -4 4 22? 277

3 3 -4 4 0 9

64 4 -4 4 1240 1137
68 5 -4 4 895 055

337 6 -4 4 234 139

0 7 -4 4 5979 5696

477 8 -4 4 319 239
31 9 -4 4 506 429

12 10 -4 4 -5 4
364 Ii -4 4 156 117

3 12 -4 4 4 0

17 13 -4 4 18 9
43 -14 -3 4 64 80

14 -13 -3 4 41 46

976 -12 -3 4 0 1
112 -11 -3 4 0 1

18 -10 -3 4 463 433

976 -9 -3 4 0 1

232 $ -6 4 185 129 -6 -3 4 3083 2547

26 9 -6 4 1061 1279 -5 -3 4 210 259
20 10 -6 4 672 597 -4 -3 4 632 003

945 11 -6 4 534 519 -5 -3 4 4985 5155
20 2 -3 4 2261 1635

7 3 -5 4 9319 10182
4 4 -3 4 200 243

157 5 -3 4 3254 3174

540 6 -3 4 1135 640

50 7 -3 4 49 49
107 $ -3 4 ll 24

1 9 -3 4 -3 4

132 10 -3 4 78 96

15 0-11 4 616 653 -5 -0 4 lO
49 1-11 4 144 III -4 -6 4 18

6 2-12 4 916 997 -3 -8 • 1020
7 3-11 4 279 176 -2 -6 4 1264 1576 12 -6 4 15

22 4-11 4 29 37 -1 -9 4 252 323 13 -6 4 16
25 5-11 4 112 66 0 -6 4 174 140 -13 -5 4 6

12 6-11 4 182 113 I -9 4 272 156 -12 -5 4 106
34 7-II 4 29 67 2 -9 4 14 15 -11 -5 4 553

21 i-ll 4 91 97 3 -8 4 667 1003 -10 -5 4 47
9 9-11 4 149 169 4 -6 4 32 4 -0 -5 4 87

4 10-11 4 133 144 5 -9 4 232 128 -8 -S 4 2
111 11-11 4 29 8 6 -8 4 180 339 -7 -5 4 166
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Table C.3. continued

H i L (_e _1© M X L Obm Cal© H g L _ Ca1© H R L Ohm Ce10 H K L Obs Celo

.................................................

4-14 4 17 2 12-11 4 82 55 ? 4 4 1227 920 -6 -5 4 134 141 11 -3 4 21 35

5-14 4 $26 492 -9-10 4 -6 0 0 -0 4 24 9 -5 -5 4 3 0 12 -3 4 240 222

'-14 4 4' 33 -8-10 4 123 12' : -: 4 412 202 -4 -S 4 ,20 002 15 -3 4 3 S
7-14 4 131 137 -7-10 4 19 41 1 4 -3 -5 4 0 16 -14 -2 4 2

8-14 4 25 51 o6-10 4 49 47 11 -9 4 33 43 -2 -S 4 4905 4673 -13 -2 4 104 12

S-14 4 99 94 -5-10 4 21 8 12 -8 4 41 S4 -1 -S 4 604 649 -12 -2 4 96 ?0

10-14 4 32 29 -4-10 4 544 454 13 -9 4 14 4 0 -5 4 495 464 -11 -2 4 23 13

-6-13 4 -3 0 -3-10 4 1? 6 -12 -7 4 15 35 I -5 4 2121 2093 -10 -2 4 652 556

-3-13, 16, ,3 -2-10, 1,6 114,-11-, , 22 : _:: . 1546 16.3 -::: : 592 905
-4-13 4 13 S -1-10 4 9 S -10 -? 4 332 33 4 147 64 640 621

-3-15 4 12 4 0-10 4 1515 1453 -9 -? 4 97 94 4 *$ 4 1655 1452 -7 -2 4 304 272

-2-13 4 02 113 1-10 4 474 449 -9 *? 4 62 113 S -5 4 5361 4704 -6 -2 4 2750 259|

-1-13 4 140 70 2-10 4 244 213 -? -7 4 19 28 4 -5 4 157 134 -S -2 4 4394 5004

:: , ,8. ,1. 1522 ,1 . :: ]: ,93 .4 : : : 1o 14 39 , 226 1,,_ 4 3818 4944 -14 209 219 1024 2U4 -1 11 ? 4 0 4 E? 06

222 : ,lo2 ,707.324 40 3, :: :: 149 123. : , 2 1 5 , , 26 =1 954 1126 -12 4 1354 2183 142 234 -13 4 44 54 6 4 4 -3 3

2 -2 4 4155 4004 -11 1 4 514 653 0 3 4 353 341 -12 6 4 122 125 7 | 4 00 201

3 -2 4 137 204 -10 1 4 352 262 1 3 4 90 20 -21 6 4 150 264 -14 9 4 -4 12

4 -2 4 528 564 -9 1 4 2348 2597 2 3 4 4444 4505 -10 6 4 267 311 -13 9 4 45 S0

::| : 30,1 2.50 :: I : 104 5? ::: 13. 131, :: : 941 .2 12 : : 30 32703 469
210 153 1043 1764 316 262 -11

104 44 7

7 2 4 469 300 ' 1 4 4' S0 5 3 4 213 165 -7 ' 4 .49 938 _: : 4
8 -2 4 210 109 -S 1 4 4215 7634 4 3 4 6|5 6?6 -6 4 4 3?3 457 4 20 142

9 -2 4 $ 15 -4 1 4 52 01 ? $ 4 56 50 -5 6 4 1451 935 -0 9 4 163 294

10-2 , 55 74 -3 : , 994 006 : : , 0 : -4 , , 1744 1930 -, , , 200 225
11 -2 4 -1 2 -2 4 1110 1240 4 34 3 -3 6 4 1373 13i9 -6 9 4 345 407

12 -2 4 -6 2 -1 1 4 6645 8048 10 3 4 5 0 -2 6 4 544 531 -5 9 4 16 ?

13_I 6 I 0 0 1 4 ,10 ,44 11 5 4 , 1 -1 , 4 469 494 -4 , 4 ,55 556-14 4 9 93 1 1 4 1257 1001 -15 4 4 51 33 0 6 4 137 134 -5 9 4 14 1

-13 -1 4 128 164 2 1 4 579 002 -14 4 4 19 34 1 6 4 64 36 -2 9 4 7 2

-12 -1 4 ?00 601 3 1 4 4526 4757 -13 4 4 29 19 2 6 4 166 298 -1 9 4 0 2

-11 -1 4 425 541 4 1 4 ?46 616 -12 4 4 290 276 3 6 4 310 226 0 9 4 2?9 260

-lO 1 4 ??0 ?36 5 1 4 03 63 11 4 4 7Ol 529 4 4 4 65 79 1 9 4 20 23
-9 -1 4 13 23 0 1 4 44? 34? -10 4 4 02 ?9 5 4 4 349 335 2 9 4 33 ?

-8 -1 4 12e 400 ? 1 4 270 332 -9 4 4 1070 9?6 6 6 4 355 364 3 9 4 29 49

-? -1 4 333 512 4 1 4 414 611 -4 4 4 572 55? ? 6 4 15_ 15_ 4 _ 4 0_ 2o0
-6 -1 4 0 2 9 1 4 22 19 -? 4 4 230 102 I 4 4 27 5 4 51 48

5_ . 594 9,0 10 , : 20 35 :_ : : . 92 : _ : 0 3 , , , 0 :-4 4 4343 3960 11 1 56 53 1003 1156 -1 6 0 -13 10 4 63 ?

- 4 1041 1320 12 _ 4 0 13 -4 4 4 1311 2367 -13 7 4 130 116 -12 10 4 3 7_ 4 2142 2235 -15 4 45 43 -3 4 4 307 257 -12 7 4 13 ? -11 10 4 142 171
5 14

1 -1 4 1075 1019 -14 2 4 2? 31 -2 4 4 476 757 -11 7 4 129 79 -10 10 4

2 -1 4 1731 1951 -13 2 4 430 340 -1 4 4 1781 1664 -10 ? 4 93 48 -9 10 4 105 177

3 -1 4 6517 6370 -12 2 4 341 337 0 4 4 6271 6242 -9 ? 4 13 6 -$ 10 4 319 311

4 -1 4 ?5 76 -11 2 4 277 190 1 4 4 7790 7333 -4 ? 4 362 220 -? 10 4 15 3

S -1 4 5 12 -10 2 4 14 21 2 4 4 415 727 -7 7 4 105 130 -6 10 4 144 182

6 -1 4 75 40 -9 2 4 499 633 3 4 4 31 16 -6 7 4 -4 2 -5 10 4 67 21

? -1 4 5 0 -0 2 4 401 250 4 4 4 1757 1665 -5 ? 4 -6 12 -4 10 4 5 6

014 665 ,3, 722 5.3 5617 _:4 , 3 47, 103 ?5 3104 30 :
9 -1 4 143 95 -6 657 477 4 32 6 -3 7 4 30 49 -2 10 4 401 341

10_ , 9, . 5 : , 3502 .00 , . : 355 296 2 ? . 98, ,39 _10 6 i
11 4 16 15 -4 4 3334 3691 0 _ 99 107 -1 ? 4 2 22 10 4 52 489
12 -1 4 334 411 -3 2 • 70 63 9 4 0 5 0 ? 4 559 548 1 10 4 13

-14 0 4 5 9 -2 2 4 559 640 10 4 4 19 2_ 1 ? 4 81 55 2 10 4 107 176
-13 0 4 90 45 -1 2 4 1590 1002 -15 5 4 10 2 7 4 622 540 3 10 4 156 137

-12 0 4 230 177 0 _ 4 27 42 -14 _ 4 42 42 3 7 4 33 42 4 10 4 60 40
-11 0 4 99 101 1 4 4928 5304 -13 4 102 104 4 7 4 149 117 _ 10 4 5 0
-10 0 4 96? 1072 2 2 4 113 170 -12 5 4 50 67 5 ? 4 102 169 -1 11 4 19 6

-9 0 4 592 495 3 2 4 1421 1475 -11 5 4 844 832 6 7 4 26 35 -11 11 4 302 367

-0 0 4 195 196 4 2 4 1376 1465 -10 5 4 55 19 7 ? 4 37 44 -10 11 4 152 99

-7 0 4 2532 2461 5 2 4 171 246 -9 5 4 258 100 i ? 4 6 0 -9 11 4 55 32

-6 _ 4 682 1016 ' 2 4 757 655 -_ 5 4 255 105 -14 _ 4 1 0 -8 11 4 102 84$ 4 785 757 7 2 4 0 2 5 4 30 5S 13 4 215 195 ? 11 4 64 54

-4 0 4 9244 9191 $ 2 4 506 591 -5 5 4 2b 20 -12 $ 4 405 358 -6 11 4 133 92

-2 0 4 1953 1953 9 2 4 _ 6 -5 5 4 1926 2319 -11 4 4 42 24 -S 11 4 51 15
0 0 4 6495 ?982 10 2 4 ? -4 9 4 242 243 -10 9 4 112 160 -4 11 4 61 52

1 0 4 2692 2001 11 2 4 45 8 -3 b 4 4645 5319 -9 8 4 96 131 -3 11 4 2

2 _ 4 823 1032 -15 3 4 -6 5 -2 5 4 711 63? -9 0 4 171 166 -2 11 4 96 93 4 4763 4404 -14 3 4 429 354 -1 5 4 1725 1638 -? 8 4 530 315 -1 11 4 104 114

, o 4 2?5 146. _ , , 10 0 5 , 695 472 _ . . 122 190 011 , 38 1.
5 0 4 936 716 -12 4 202 194 1 _ 4 3 | 4 149 114 1 11 4 31 29

_ , ,3 49 11 : : 4, 93 _ : 2959 2424:: : : 155 324 _11 , 33 40
4 121 9? -1_ 30 59 5 263 194 575 292 11 4 0 16 0 4 1026 1009 - • 4 92? 1023 4 5 4 632 519 -2 0 4 1444 1445 4 11 4 -3 0

9 0 4 102 101 -8 3 4 206 348 S 5 4 6 4 -1 I 4 61 50 -11 12 4 36 62

10 0 4 77 83 -7 3 4 654 697 6 5 4 212 145 0 0 4 721 54? -10 12 4 174 171

11 0 4 33 36 -6 3 4 22 21 7 5 4 5 _ 1 $ 4 1 1 -9 12 4 2_ 23
12 0 4 -4 2 -5 3 4 3683 2934 8 5 4 43 3 2 0 4 71 106 -0 12 4 17 4

-7 32 4 30 36 6-14 5 12 0 -10-10 5 0 3 6 -8 5 270 234 -5 -5 _ o2 7
-6 12 4 131 145 7-14 5 302 209 -9-10 5 39 35 9 -6 5 65 72 -4 -5 1705 1468

55 10 -5 5 47? 425 -3 -5 _ 59 42
-5 12 4 31 6 8-14 5 20

-4 12 4 67 90 9-14 5 126

-3 12 4 9 4 10-14 5 16

-2 12 4 251 233 -7-13 5 30

-1 12 4 22 0 -6-13 5 14

0 12 4 229 260 -5-13 5 176

i 12 4 02 70 -4-13 5 507

2 12 4 29 26 -3-13 S 105

-10 23 4 63 71 -2-13 S 450

-9 13 4 3? 25 -1-13 S 0

-0 13 4 4? 21 0-13 $ 14

-7 13 4 13 15 1-13 5 65

-6 13 4 0 4 2-13 5 60?

-5 13 4 15 4 3-13 5 277

-4 13 4 43 4? 4-13 5 177

-3 13 4 21 25 5-13 S 290

-2 13 4 -3 0 6-13 5 14

-1 13 4 130 154 7-13 5 61

0 13 4 18 16 4-13 5 10

-? 14 4 21 2 9-13 5 13

-6 14 4 159 153 10-13 5 ?

-5 14 4 6 0 11-13 S 40

-4 14 4 74 81 -6-12 S 21

-3 14 4 17 9 -7-12 5 -4

2 -8-10 S 56

145 -7-10 9 79 107 11 -0 5 17

9 -6-10 5 42 33 12 -9 5 29

20 -5-10 5 -4 1 13 -9 5 15

9 -4-10 5 12 8 -12 -7 5 33

109 "-3-10 5 1577 1411 -11 -7 5 ?0

641 -2-10 5 9 12 -10 -? 5 440

142 110 $ ?94 ?46 9 ? 5 79

531 0-10 5 • 13 -9 -7 5 21

4 1-10 4 554 570 -7 -? 5 42?

57 2-10 S 21 49 -6 -? 5 34

122 3-10 5 330 211 -5 -7 5 310

546 4-10 S 164 104 -4 -? 5 505

284 5-10 S 495

209 5-10 S 26

333 ?-10 5 295

19 0-10 S 77

90 9-10 5 46

0 10-10 5 59

3 11-10 5 92

1 12-10 5 37

44 -11 -g 5 37

11 -10 -9 5 39

1 -9 -9 5 44

17 -2 -S S 1283 1420

25 -1 -S 5 967 990

2 0 -S 5 2?6 292

27 I -5 5 399 369

53 2 -5 5 1108 94?

363 3 -9 5 1356 1173

77 4 -5 5 3114 2574

2 5 5 5 92 195

599 $ -b 5 1242 1052

20 ? -5 5 38 18

409 0 -5 5 290 303

487 9 -5 5 225 215

017 -3 -? 5 1765 1750 10 5 S 140 214

37 -2 -7 5 ' 0 11 -5 5 22 4

243 -1 -7 5 471 365 12 -5 5 76 119

100 0 -? b 78 110 13 -S 5 10 13

15 1 -9 5 95 179 -13 -4 5 19 14

108 2 -? 5 4010 4050 -12 -4 5 4 5

206 3 -7 5 1597 1242 -11 -4 5 67 90

45 4 -7 5 1400 1575 -10 -4 5 130 163

32 5 -? 5 119 175 -9 -4 5 143 191

21 6 -7 5 1042 969 -8 -4 5 74 106

36 ? -7 5 77 102 -7 -4 5 160 183
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Table C.3, continued

2-16 ,5 64
3-16 ,5 29

4-16 3 1,5

,5-16 ,5 193
$-16 3 ?

7-14 ,5 -4
0-16 5 20

-4-25 5 39
-3-15 S 0`5

-2-15 ,5 iS
-1-1,5 ,5 -3

0-1,5 5 O
1-1,5 ,5 3`5
2-15 ,5 43

3-1,5 3 012
4 -1,5 3 ?

,5-1,5 5 .7
6-15 ,5 3.7

?-1,5 ,5 -8
$-1,5 ,5 1,5

9-1,5 ,5 -4
-3-14 5 12

H g L _ CIIc H R L 0l_ Calc N K L Obe Cmlc H K L _ Calc H K L _ C82C

2-17 s 14 12 -6-12 _ 22 2 6 6 ,5 63 32 8 -.7 ,5 `56 ? 4 -4 _ 1112 1032

3-17 0 ,51 `53 *6-12 6 105 111 -.7 -t s 30 64 9 -7 5 336 3to -s -4 s 3150 33,51
4-17 ,5 41 54 -4-12 ,5 1.71 232 -6 -6 '5 6 24 10 -.7 5 449 416 -4 -4 '5 70 120
,5-17 S 36 21 -3-12 3 279 269 -`5 -9 3 044 609 11 -7 3 109 93 -3 -4 S 7606 7530

-2-16 S `52 22 -2-22 '5 1141 1276 -4 -9 '5 20 34 12 -7 '5 333 466 -2 -4 '5 2G33 3004
-1-16 '5 6 0 -1-12 3 299 230 -3 -t 3 3250 3228 13 -? 3 46 ,51 -1 -4 5 7| 60

0-16 '5 62 84 0-12 3 14 • -2 -6 5 446 336 -12 -4 '5 18 5 0 -4 3 214 27?
1-14 3 13,5 121 1-12 ,5 287 154 -1 -9 5 617 914 -21 -4 ,5 246 217 I -4 ,5 424 294

70 2-12 5 129 74 0 -0 ,5 20 66 -10 -4 ,5 333 216 2 -4 3 10 1,5

37 3-12 5 20 32 I -4 ,5 4`59 `568 -9 -6 ,5 211 294 3 -4 ,5 1604 21,52
31 4-12 3 178 182 2 -0 ,5 303 7`56 -0 -6 3 314 173 4 -4 ,5 136 267

150 ,5-12 ,5 35 S2 3 -9 S ,581 404 -? -6 S 23 S0 ,5 -4 ,5 6`5 87

2 6-12 ,5 40 `5`5 4 -9 ,5 369 337 -6 -6 ,5 `5? 90 6 -4 ,5 618 972

14 7-12 ,5 `529 431 3 -6 3 333 307 -`5 -6 ,5 3 4 ? -4 ,5 -3 17

4 0-12 ,5 144 206 _ -_ 6 71 149 -4 -6 ,5 904 470 0 -4 ,5 144 173
42 9-12 ,5 423 36.7 ,5 233 218 -3 -6 5 66 93 6 -4 $ 143 13,5
7`5 10-12 ,5 1 16 8 -9 3 2`56 236 -2 -6 ,5 0729 7004 10 -4 3 4 1

76 11-12 ,5 11 6 6 -6 ,5 -1 ,5 -1 -0 ,5 664 427 11 -4 3 103 9S
12 -9-11 5 1 2 10 -9 5 242

2 -4-11 S -3 4 11 -9 b 21
14 -7-11 ,5 lb 11 32 -9 S 10
44 -6-11 ,5 446 430 -11 -8 ,5 .7

• ?8 -,5-11 3 ,567 633 -10 -6 3 ,5
5 -4-11 ,5 54 34 -9 -4 3 361

4 -3-11 ,5 •46 77,5 -6 -8 ,5 12,5

21 -2-11 ,5 4.74 352 -7 -| ,5 114
0 -1-11 ,5 634 441 -6 -O ,5 361

2 0-11 ,5 163 216 -`5 -8 ,5 445
1 1-11 ,5 236 30`5 -4 -0 ,5 0

193 0 -6 S 2609 2974 12 -4 S 7 0
7 1 -6 b 7?0 676 -14 -3 3 19 13
2 2 -6 '5 2904 2111 -13 -3 S 160 202

3 3 -6 3 72 91 -12 -3 '5 894 `558
1 4 -4 ,5 163 71,5 -11 -3 ,5 126 97

301 3 -4 3 $2? 449 -10 -3 55 461 402
91 6 -8 '5 441 360 -9 -3 '5 401 290

76 ? -6 ,5 21 24 -6 -3 ,5 ,55 34
301 4 -6 ,5 1351 1140 -7 -3 5 1,5536 1406

426 6 -6 ,5 0 0 -6 -3 ,5 79 60
1 10 -6 ,5 25 2 -`5 -3 ,5 24? 1,52

0 2-11 '5 431 334 -3 -8 5 -3 23 11 -6 5 14'5 155 -4 -3 '5 2'514 2433

-4-14 '5 179 186 3-11 5 602 922 -2 -8 5 102'7 1032 12 -0 5 14 2`5 -3 -3 '5 1119 918

-3-14 '5 14'5 1'72 4-11 b 119 150 -1 -4 S 4?6 652 13 -6 _ 8 4 -2 -3 b 10011 17039-2-14 '5 2?4 295 '5-11 5 80 99 0 -8 b -2 2 -13 -5 83 03 -1 -3 5 5169 `5629

-1-14 5 46 43 6-11 ,5 _ 12 1 -0 '5 163 1.77 -12 -5 5 `59 37 0 -3 '5 4`506 72200-14 5 12 2 ?-11 ,5 6 35 2 -8 5 161 250 -11 -,5 ,5 319 344 1 -3 ,5 2`508 1808

1-14 5 325 310 8-11 5 37 `59 3 -4 b 4.706 4151 -10 -`5 5 28? 205 2 -3 '5 42`554 4600
2-14 3 19 12 9-11 3 0 28 4 -4 5 2 35 -9 -5 5 497 479 3 -3 ,5 1234 1304

3-14 5 69 63 10-11 .5 45 60 5 -8 ,5 91,5 826 -8 -5 .5 79 122 4 -3 5 407 368

4-14 5 _ ,58 11-11 5 9 10 6-: 5 .743 702 -.7-5 5 1349 1301 b-3 b .72 ?.7

,5-14,5 ,9 12-115 21 5 7- 5 2 21 -6-5 _ 2,4 145 6-3 _ 37 62
.7 -3 5 32 60 -9 0 '5 305 358 3 2 5 2188 2206 -9 5 13 22 -13 8 0 01
6 -3 5 119 111 -8 0 ,5 52 45 4 2 5 101 1.70 -i ,5 5 1415 2400 -12 8 '5 643 51

9-3 5 16 .7 0 5 '51 ,i b 2 5 2? 31 -7 _ 5 45 13 -11 8 ,5 329 31410 '5 9 10 -6 0 5 11810 12355 6 2 0 20`5 260 -6 b 1069 930 -10 4 '5 128 14'5
11 -3 5 24 10 -5 0 5 4100 '5101 '7 2 5 721 `59.7 -5 5 5 1325 132'7 -9 6 5 96 78

12-3 5 20 14 -4 0 5 .7 2`5 . : ; 0 I :: 5 ; 53 91 -6 . ,5 161 14.7-14 -2 5 23 2`5 -3 0 ,5 1356 1878 9 74 5 ,5 `54.7 648 -7 4 ,5 157 `56

-13 -2 5 3.76 361 -2 0 ,5 `53 19 10 2 ,5 3 1 -2 ,5 3 119 7`5 -6 8 ,5 643 414
-12 -2 5 774 "/10 -1 0 '5 .702 620 11 2 5 16 19 -1 '5 5 5 16 -`5 4 '5 1478 1279

-11 -2 5 224 238 0 0 3 115 48 -15 3 5 64 60 0 5 5 939 996 -4 O 5 270 211
-10 -2 5 60 60 1 0 ,5 2293 2`558 -14 3 5 95 69 1 ,5 5 235 304 -3 8 5 18 35

-9 -2 S 140 224 2 0 5 209.7 2085 -13 3 5 690 614 2 5 5 45 87 -2 8 5 291 245
-8 -2 5 300 262 3 0 '5 2323 1966 -12 3 S 22 25 3 5 3 305 277 -1 4 5 31 38

-7 -2 5 1162 1234 4 0 '5 2998 3004 -11 3 5 273 362 4 5 5 106 106 0 8 '5 66 98
-6 -2 .5 3397 3`506 '5 0 5 92 04 -10 3 '5 `52.7 403 '5 '5 5 23 36 1 4 '5 5 3

-`5 -2 ,5 5793 5?60 6 0 5 447 455 -9 3 3 25.7 200 6 '5 5 240 224 2 6 ,5 202 236
-4 -2 5 84 30 .7 0 5 0 11 -0 3 5 3 2? 7 '5 5 26 34 3 O 5 3 3

-3-2 5 143 176 4 oo 5 41 31 -7 3 5 1,4 199 0 5 5 9 ,_ 4 : 5 8_ .71-2 -2 5 .790 11"/2 9 '5 156 94 -6 3 5 2955 2869 9 5 5 104 05 '5 5 140 165

-1 -2 5 4 ? 10 0 5 .75 4.7 -5 3 5 2254 2158 -15 6 5 12 1 6 4 '5 17 14
0 -2 5 "1299 .7303 11 0 '5 199 180 -4 3 5 1140 481 -14 6 5 253 204 -13 9 5 10 13

1 -2 5 1503 1191 -15 1 5 18 1 -3 3 5 355 236 -13 6 5 136 125 -12 9 3 100 67

2:_ _ 5 13 -14_ I 2: 11 -2 3 5 .7 `50-126 _ 333 352-11, _ 2.7 1,3 330 371 -13 ,5 -1 3 ,5 ? 11 -11 6 015 812 -10 9 215 223

4-: ,5 ,, 111-121 5 305 3.79 0 : : 3592 3950-10, 5 23 16 -9 , : 146 1665 .5 53`5 `505 -11 1 5 29 55 1 209 236 -9 6 5 110 111 -4 9 104 140
6 -2 5 2902 3031 -10 1 5 472 322 2 3 '5 3802 3167 -8 6 '5 456 435 -7 9 5 95 72

.7 -2 5 60 42 -9 1 5 1155 907 3 3 5 1319 1305 -.7 6 '5 30"/ 330 -6 9 '5 91 `53
0 -2 5 31 55 -8 1 '5 ,528 410 4 3 5 252 256 -6 6 5 382 320 -`5 9 5 59 4.7

9:22 ,5 6 1 -7 1 ,5 34 14 5 3 5 473 `504 -5 6 5 2141 10.71 -4 9 ,5 .79 47

10 5 15 0 -6 1 5 1525 1296 0 5 06 78 -4 8 5 66 3 _-_ 99 5 109 166
11 -2 5 173 223 -5 1 5 233 2.77 ? 3 ,5 _ 4 -3 _ 5 1 31 5 10 5312 -2 5 16 16 -4 1 '5 4904 5624 0 3 '5 5 ,50 -2 ,5 201.7 1116 -1 9 '5 622 854

-14 -1 '5 4 0 -3 1 5 71 10.7 9 I 5 11 10 -1 6 5 138 274 0 9 '5 10 1
-13 -1 .5 6.7 `5`5 -2 1 '5 2177 2266 10 '5 38 `56 0 6 5 526 `550 1 9 5 719 611

-12 -1 5 325 284 -1 1 '5 `540 413 -15 4 5 .73 '51 1 6 '5 318 302 2 9 '5 42 `5`5

-11 -1 5 96 69 1 3 676 004 -14 4 5 131 103 2 6 5 1'50 203 3 9 5 17 4-10 -1 5 181 163 1 1 5 33 20 -13 4 .5 10 21 3 6 5 375 403 4 9 5 61 6

-9 -1 5 '701 495 2 1 5 2403 2090 -12 4 3 333 36.7 4 6 b '585 `542 b 9 5 6.7 72
-4 -1 '5 8?9 681 3 1 '5 720 .76.7 -11 4 5 21'5 198 5 4 5 22 21 -13 10 b -2 0
-7 -1 ,5 1892 1661 4 1 '5 442 ,510 -10 4 5 2 3 6 6 ,5 4 4 -12 10 b 124 176

-6 -1 '5 690 601 ,5 1 '5 1122 .763 -9 4 5 16 31 7 6 5 35 33 -11 10 '5 0 '5
-5 -1 5 1177 1608 6 1 '5 10 21 -0 4 b 1314 1597 8 6 5 26 31 -10 10 '5 210 223

-4 -1 5 940 1201 ? 1 5 622 5.74 -.7 4 5 29 2 -14 7 5 166 132 -9 10 5 283 168

-3 -1 5 601 729 8 1 5 11 24 -6 4 5 1353 905 -13 ? 5 2 5 -8 10 '5 134 110
-2 -1 '5 779 629 9 1 '5 20 52 .-'5 4 5 14 4? -12 .7 ,5 13 11 -.7 10 5 42 52

-1 -1 5 3133 3170 10 1 ,5 59 10 -4 4 5 4766 4097 -11 .7 5 0 4 :56 10 5 204 2140 -1 5 1837 1094 11 1 ,5 15 199 -3 4 '5 08 32 -10 ? 5 2302 101.7 10 '5 112 151

1 -1 '5 0189 .77125 -15 2 S 163 163 -2 4 '5 '5410 5410 -9 7 5 26 3 -4 10 '5 118 130
2 -1 5 2227 220.7 -14 2 5 60 6.7 -1 4 '5 .731 80.7 -e .7 5 39 93 -3 10 5 147 116

3-1 ,5 691 52`5-13 2 ,5 1, 12 _ , _ 867 1211_.77 : 21 , -210 5 ,, ?24 -1 '5 16,59 16,50 -12 2 '5 26 4 1431 1149 -6 7 23 41 -1 10 5 71 47

'5 -1 5 59 78 -11 2 '5 1223 11'7.7 2 4 5 70 164 -'5 ? 5 203 193 0 10 ,5 18 4
6 -1 '5 .745 ?2`5 -10 2 5. 4`5 .71 3 4 5 999 9.75 -4 7 5 6 15 1 10 ,5 19 .7

7 -1 _ 429 404 -9 22 ,5 20.72 1921 4 4 ,5 144 204 -3 "7 S .75 75 2 10 ,5 135 116
8 -1 11'5 130 -8 '5 737 .756 '5 4 ,5 248 179 -2 .7 '5 124 116 3 10 ,5 20 26

,:_ _ 1, , -? : ; 501 440 ,4 5 14, 102 -1 .7: .798 6,0 ,10 5 ,1 : 0 -, 2062 204, .7, : 157 203 0 .7 33 42-12111 119 1611 -1 5 6 -5 2 5 4957 473.7 8 4 9 1 1 ? 5 241 147 -11 11 140 119

12-01 _ 36 10 -4 22 5 4689 4260 9 _ ,5 74 .7t 2 .7 5 1,53 191 -10 11 5 80 6'?
-15 64 42 -3 5 1022 .795 -15 '5 00 03 3 ? 5 332 295 -9 11 5 75 86

-14 0 5 18 24 -2 2 '5 6981 6140 -14 5 5 '5 0 4 ? 5 137 114 -8 11 5 3 1
-13 0 ,5 39.7 362 -1 2 '5 261 182 -13 3 5 41 25 5 ? 5 111 114 -7 11 5 26 26
-12 0 5 969 994 0 2 5 4 11 -12 5 5 02 `58 6 .7 5 7 9 -6 11 5 -6 2

-11 0 5 430 437 1 2 5 3025 2530 -11 5 5 0 9 '7 ? 5 26 20 -5 11 5 50 40
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Table C.3, continued

H E L _ Clio H g L C_e Calc H E L _ Calc H K L Obl Calc H _ L _ Cslc

........... ; .................. l: _-10 0 5 34 21 2 S 2•30 2852 -10 5 5 1013 1197 -14 0 5 143 10• -4 1

-3 ll S 85 72 4-14 6 gl S1 1111 6 1 0 7 -8 6 186 255 -• - U $•

-211 5 0 1 5-1• 6 19 0 -10-10 6 17 28 • -O 6 •2 59 -3 -$ S 1233 723

-1 11 3 664 $90 g-14 6 12 21 -9-10 8 4 5 9 -$ 6 $8 64 -2 5 5 243 100

0 11 5 32 35 7-14 6 -4 1 -8-10 8 71 55 10 -8 6 4? 38 -1 -5 6 0843 8111

111 $ 65 •6 8-14 • 121 114 -7-10 5 109 103 11 -8 S 2•8 300 0 -5 6 861 1143

2 11 5 55 54 9-14 6 14 1 -6-10 g 141 92 12 -• 6 -3 O 1 -S • 95 73

-11 12 5 15 11 10-14 6 58 74 -5-10 6 149 141 -12 -7 6 115 112 2 -3 6 3259 3702

-1012 5 4 2 -7-15 6 34 20 -4-10 6 164 136 -11 -7 0 1 1 3 -$ 8 292 266

12 85 913 26 42 +,o oo 1o : lol • : : •: 1oo:
-8 12 5 14 10 -5-13 6 30 5 -2-10 • $gO 392 -• -7 127 153 -5

-7 12 6 42 17 -4-13 • -2 0 -1-10 6 8 4 -• -7 • 34 72 • -5 • 194 96

-| 12 S 14 14 -3-13 6 S12 446 0-10 6 1003 799 -7 -7 6 753 572 7 -3 • 19 2

-5 12 5 07 47 -2-13 6 513 597 3-10 6 34 49 *• -7 6 268 184 | -5 • 12776 1817•

4325 o 27 113, 16 , 21o, 231 2o4 57:1,73 11. ::: :
-312 5 89 63 0-13 6 1170 10•7 3-10 • 99 131 -4 -7 1022 11•8 1 -2 0

-212 5 1• 1-13 5 425 SO1 •-10 • 13 2 -3 -7 6 •440 3514 11 -S • 53 61

-112 S _ 2-13 6 417 335 $-10 6 02 102 -2 -7 6 2022 2073 12 -5 '5 •4 $2

0 12 5 _ 5 3-13 • 523 508 5-10 6 317 253 -1 -7 6 387 228 -14 -4 • 7112 1051

1125 3o 41 •13 13 1. 7-6 1o9 _o6 37: I.o 1•o813_ :
-913 S •2 30 3-13 • 122 76 8-10 i •l 20 -? 1019 138 -22 - 394 421

-• 13 S 04 75 6-13 • 231 202 9-10 8 22 44 2 -7 0 138 273 -11 -4 6 1071 1055

-7 13 5 223 220 ?-33 6 40 31 10-10 6 30 19 3 -7 6 31 41 -10 -4 6 •9• 1021

-613 5 12 3 013 6 85 106 11-10 6 51 61 4 -7 6 317 299 9 -• 6 •4 26

-S 13 5 120 196 9-13 • 20 26 12-10 6 9 I : -7 _ 61 79 -I -• • 215 213-4 13 4 0 10-13 • 394 258 -11 -9 6 •4 38 -? 12 7 -7 -• 6 1690 1480
-3 13 _ 289 203 11-_3 0 25 5 -I0 -9 6 13 0 7 -? + 243 250 -6 -• 6 674 502
-2 13 5 10 3 -8-12 6 -5 0 -9 -9 4 124 149 _ -7 _ 4 19 "5 "• 6 458 667

1-17 0 53 70 -?-12 6 132 163 4 -9 i l• 36 -7 157 9? -• -4 6 907 140

2-17 g -2 0 -0-12 6 2 0 -7 -9 0 722 452 10 -7 6 195 200 -3 -4 6 595 809

3-17 0 24 2 -5-12 6 141 116 -6 -9 6 4_ 52 11 -7 6 1T 9 2 -4 6 1276 1191

4-1? 0 55 7 -•12 6 165 193 5 -9 6 301 86 12 -? 6 6 5 -1 -4 6 403 631

5-17 6 4 _ -3-12 6 IS1 145 -4 -9 6 220 240 -13 -6 6 346 399 0 -4 6 1392 161S

-2-16 6 2? 19 -212 6 675 850 -3 -9 6 0 2 -12 6 6 21 15 1 -4 5 294 236

-116 6 39 33 1-12 0 1 _ -29 6 699 696 11 -6 6 26 20 2 -4 • •773 6332
016 6 10 0 012 6 164 9 -1 -9 4 39 ?5 -10 -6 6 92 72 3 -4 6 1112 11954

1-15 6 71 62 1-12 0 39 50 09 6 1520 915 -9 -4 4 137 74 4 Z_ 5 29

2-16 6 33 35 2-12 6 941 024 I -9 6 14 22 -$ -g 6 1735 1564 5 & 763 9?4

3166 2 34 312 6 10 2 2 -96 24: 72 -7-6 ' 1,4 11' _-4 _ -2 0
416 4 _ 2 412 6 641 644 3 -9 6 - g -6 -6 6 2009 1717 -4 1090 900

-3 9 512 6 31 40 4 -9 6 64 ?6 -5 -6 6 9 12 _ -4 g 53 27

5-10516 60 33 14 E12 6 604 577 5 -9 6 711 619 -4 -6 6 1565 16130 -4 6 84 94

7-16 6 6 7-12 6 9 21 4 -9 6 48 34 -3 -6 6 1436 1294 1 -4 6 2 11

-015 6 25 1_ 6-12 6 212 169 ? 9 6 67 64 -2 -6 6 299 203 11 -4 6 11_ 05

-_ 6 5 126 145 12-4 6 i+-15 6 240 272 912 6 23 16 . 9 + -6 _ 6 14215 , 25 12 1012 _ 1 _ , , , 180 14 0 , 4 820 490 14
115 5o5 474 1112 : 1o-9 t 11 3, 16 , 1312 1535133_ + 68 .015 _ 55 110 -911 6 10 112 11 -9 10 10 2 6 0 5654 5196 -12 6 224 263

11 6 14 26

115 , 2,1 303 511 : 13 15 12, 6 26 36 3, + 325 20_1033 , 52 23215 6 122 97 7-11 15 2 -11 -8 6 32 53 4 -6 6 6

315 6 9' 68 -5-11 6 3 1 -109 6 7 2 5 -6 6 130 200 -9 4 17 17

015 6 69 49 -5-11 6 gg 80 -90 6 240 197 6 -6 6 87 149 -8 _ 6 769 808

515 6 3 0 -411 6 261 294 -8 -S 6 635 53' 7 -6 6 675 425 -? 6 75 38

615 6 213 20 -311 6 13 10 -? -S 6 12 5 8 -$ 6 -4 2 -6 _ 6 1003 1240

g _ -2-11 6 942 702 -5 -8 6 290 207 9 -6 6 544 40? -5 6 192 237552
715 6 137 10 -6 0 123 10_ -43 6 714
8+15 6 143 212 -111 6 6_ 52 -S -0 6 241 121 107 -3 -3 4 4132 3064

9-15 6 14 3 011 6 359 203 -4 -4 6 25 42 11 -6 6 1401 1563

614 4 6 0 111 6 43 14 3 -9 6 355 338 125 6 75 98 23 6

514 6 37 2-11 6 394 560 -2 -8 5 147 64 -13 -5 6 ? 1 -1 -3 6 2003 2537
0 03 6 34 2443 6 9

414 6 71 84 311 6 253 281 _ -4 6 509 449 -125
314 6 604 562 4-11 6 216 265 8 6 1645 1531 -11 -5 6 28 19 1 3 6 3929 4033

2-14 6 99 78 5-11 5 13 7 1 S 6 1282 1047 -10 -5 6 151 9? 23 6 784 434

1-14 6 215 18? 611 5 59 75 2 -8 5 349 232 -95 6 51 40 33 5 543 405

0-14 6 53 96 7-11 6 25 46 3 -8 6 60 48 -6 _ 6 130 166 43 6 63 •T

1-14 6 102 106 0-11 6 64 41 4 -8 6 673 625 -7 -5 6 334 234 5 -3 6 171 147

214 0 30 33 911 6 76 52 5 -8 6 14 10 -6 -5 0 114 46 63 5 10 24

2 10-11 6 297 309 6 -4 6 63 44 -55 6 79 93 ? -3 6 130 112
3-14 6 ) 6 02 6?

8 -3 6 209 16 -7 0 6 405 41' 6 2 6 137 169 4 5 6 2? 30 -4 8
6 0 6 6617 56?2 ? 2 0 283 207 -3 5 6 529 555 -3 B 6 272 24?

93 6 15 301 462

103 6 ?6 4? S 0 6 66 41 _ 2 0 49 40 -2 5 5 116132 11_94 -1-2 04 66 64 _0
11 6 9 18 4 0 _ 9gs 949 2 6 47 4_ -1 5 6 303

12_ , 9o 01 -3 0 0 16 5 ,o _ 0 3: 26 o 5 6 1o4 ?5 o , 6 29o173 245 1 • 5 112 79

-142 6 185 153 _ _ , 59 ,1 13 , , , 5 t .3 825 2 . , 2, 95
11 6 0123 ?460 14 3 0 126 129 2 S

-13-26 ?' :t 46 31122 6 640 559 0 0 6 77 56 -13 3 6 10 14 3 5 6 179 203 3

-11 -2 6 551 466 1 0 6 493? 4590 -12 3 6 49 22 4 5 6 1157 1145 4 6 3

102 4 306 417 2 0 0 $03 604 11 3 6 160 239 5 5 6 233 230 5 2 6 10 1337 39 -13 9 6 88 99

-9 -2 6 50e 295 3 0 6 250 294 -10 _ 5 167 160 _ _ 6
6 -2 6 574 021 0 6 220 1•4 -9 0 463 320 5 6 10 4 12 9 6 53 34

326 _ 0 0 241 383 -$ 3 6 392 339 0 5 6 S_ 44 -11 9 4 757 617

-? -2 6 136 _ 0 -10 9 6 ? 26 -2 6 2980 2699 6 0 6 344 389 *? 3 6 16 17 -14 6 6

52 5 113 196 7 0 6 280 3?3 -6 3 6 561 927 -13 6 6 4 34 -3 9 6 _ 2226
121 -8 9 6

-4 -2 6 Z752 2532 8 0 6 57 74 -3 3 6 5690 5786 -12 6 6 91 307 407

32 6 ?1 50 9 0 6 364 376 -4 3 6 1717 1177 11 6 6 992 909 -7 9 6

22 6 171 152 10 0 6 10 0 3 3 6 4 S -10 6 6 10 35 -6 9 6 358 333
330 -5 9 6 3?6 007

12 ' 13 12 11 0 6 15 14 2 _ 6 315 18? _: 6 6 220 20
0 -2 6 46 44 -15 1 6 12 1 1 6 1171 ?46 6 6 339 365 -4 9 6 44

1 2 5 3 6 14 1 6 -5 2 0 3 5 107 341 o7 6 6 90 06 3 9 6 170 153

2 -2 6 3455 2987 -13 1 6 11 9 1 3 6 199 233 -6 5 6 39 65 -2 9 6 30 59

3 -2 6 ?34 901 -12 1 6 32 34 2 3 6 679 693 -b 6 6 16 24 -1 9 6 10 1623 0 9 4 61 47

4 2 6 11 22 -11 1 6 4_ 535 3 3 6 1195 1228 -4 _ 6 11

5 -2 6 611 714 10 1 6 1542 1725 4 _ _ 138 130 -3 6 1010 1723 1 9 6 166 180
6 6 514 525 9 1 6 117 64 5 5?0 430 -2 6 6 26 21 2 9 6 531 431

? _ 6 109 115 -8 1 6 3360 3092 6 3 6 490 595 -1 6 6 19S 154 3 9 6 45 30

0 -2 6 31 35 -7 1 6 050 44? ? 3 6 09 03 Ol 66 66 39456 39333 -124109 66 226 213

92 6 3? 52 -4 1 4 5307 4639 8 3 6

102 6 30 50 -S 1 6 9265 9?79 9 _ 6 22 25 2 6 6 96 172 -1110 6 ?9 72

11 -2 6 58 79 -4 1 6 1521 1471 -15 4 4 5 0 3 6 6 611 599 -10 10 6 84 75
-1 2 -910 6 192 1?5

12 -2 6 13 7 -3 1 6 5 13 -34 4 6 30 34 4 6 6 -410 6 29 14

14 -1 6 1 :: 1 6 66' 600 -13 4 0 125 117 : 0 6 17 6 62
131 6 2_ 42 1 6 106 744 -12 4 6 133 209 6 6 75 05 -710 6 8'

12 1 6 15 1 0 1 6 589 660 11 4 6 113 10g _ 6 6 26 33 -610 6 46 41

111 6 62 06 1 1 6 550 574 -10 4 6 66 129 -14 7 6 26 34 510 6 25 1

10 -1 6 1506 1634 _ 1 6 2538 2165 9 4 6 345 176 13 7 6 123 133 -4 10 6 3 1
-9 -) 6 956 801 1 6 4454 443? -9 4 6 2sg 145 -12 7 6 654 612 -3 10 6 8 10
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Table C.33 continued

H g L Gt_ Cage H g L Obe Cal¢ H g L O1_ talc H g L Ot_ Calc H g L Obl Celc

..................................................

8 -1 4 721 1032 4 1 6 103 76 -7 4 • 307 46• -21 7 10 146 173 -2 10 6 173 191

-6 10997 tiT4 M2 1060 4 1144 1071 -9 ? 6 301 241 0 10 6 221 196

-6 -1 $ 5006 4S24 ? 1 4 112 74 -4 4 i 1337 1049 -I 7 6 63 SO 1 10 6 25 10

:::I : ,121102.26'1 :I : 1, 210::: : lO, . : , , lO,O 1263 61o ,,196 139 960 296 _ ? 6 19 62 lO _ 39
26 21

-2 -1 6 9375 3972 10 1 6 S 2 -1 4 g 207 261 -S ? 6 163 167 -11 11 4 110 101
1 1 10 21 10 -19 2 6 20 23 0 4 6 10

0 1 6 292 421 -14 Z 6 320 304 1 4 6 -•

1 1 • 3775 6321 -13 2 6 S10 47 2 4 • 2S4

1 331o 228 12 2 1 : :: : 11' -1 • 13 ' -11 2 6 491 44

4 1 • 7510 702 1@ 2 6 200 250 , 4 • 121

5 1 • 43 69 -' 2: , ?101 037 • 4 , 31

' 1 • •42 42110 ' 2 • 33 2:9 7 4 • 7

, 1 6 2:23 2133 ' 21 • 12170 1380 10 4 • 2210

• -1 6 46 41 • 2 • 44 33 9 4 • 15

3 1 • 71 52 S 2 • •034 61?0 015 $ • 56

10 1 6 14 4 4 2 • 73 131 14 3 6 151

11 1 • • 1 3 2 6 11217 $57 13 S • 32

13 0 • 101 107 2 2 6 13 36 121 S 6 304

-14 0 • 2135 2?3 1 2 • 11421 94? 11 S 6 63

2 -4 ? 6 414 409 -10 11 • 1 ?

17 ' ? 6 27/ 220 9 11 6 77 54

2138 -21 ? ' 260 2190 '11 ' 146 152

010 I ' • 903 030 -7 11 ' 0 2

13 0 ' ' 218 219 '11 , . 31

5 I 7 • 1031 1019 5 11 • • 2

16 21 7 • 60 51 -4 11 • 10 129

0 3 7 • 923 •70 -3 11 6 40 40

110010 4 7 • 96 93 -2 11 6 10 19

21 S ? • 16 22 1 11 6 19 28

47 • 7 6 33 27 0 11 6 21310 204

179 14 10 6 111 19 1 11 • 11 ,

SO 13 9 S 145 231 10 12 • 410 35

321 -12 10 g 2• 3 *9 121 • 1 1

115 11 9 • 202 244 • 12 • 25 28
13 0 • 7 2 0 2 • 726 •2:3 -10 S • 133 •7 10 10 6 b

120606: 1012i ,.393361i ii 11.722:35iii' 226110, 0 2 72, .63 3, 62 , ,
-. 1010210,7 32 .10 ,1, .0,0 2375 , 04

-3 0 g -2 0 4 2 • 25 31 -• S 6 096 7810 -• 8 6 2

10 0 6 1213 1176 S 2 • 159 115 3 3 • 41
1 12 6 2

-• 13 6 SO

6 13 6 14

1-17 7 6

217 ? 21

317 ? 40

4-17 7 8

5-17 7 7

316 7 43

216 ? 2:00

116 ? ?

016 ? 13

116 ? 2

216 ? 37

316 ? 13

416 ? 39

5-16 ? 37

6-16 7 80

?-16 ? 52

-4-15 7 30

315 7 36

215 ? 10

-1-15 7 23

0-15 ? 6

4 -7 12 • 7 10

193 -• 12 • 144 163

0 -S 12 • -2 1

?0 -4 12 • 1•6 161

2 3 12 6 12 17

14 : ; 2: o -212 . 169
2 9 12 ? 6 12 -10 -9 ? 41 17 13 -5 -4 ? 70 10

41 7-12 7 24 24 7 -9 ? 111 33 9 7 ? 76 49 4 • 7 303 349

15 -•12 ? 135 122 6 9 7 2 10 10 7 7 130 121 3 -4 ? 626 3710

1 5 12 7 33 76 -5 9 ? 240 172 11 7 7 22 76 -2 -• ? 3732 3548

16 412 ? 521 439 -4 -9 7 148 137 12 7 7 133 124 1 -4 ? 11099 1392

16 3 12 ? 179 138 3 9 ? 992 445 13 6 ? 2• 19 0 4 7 1746 1422

3 -2 12 ? 96 83 2 9 7 1410010 1076 12 -6 7 234 278 1 -4 ? ?070 5761

10 -1-12 ? 16 49 -1 -9 7 1460 1444 -11 -6 7 10"/ 114 2: --4 ? 1472 1417

39 012 ? 743 663 0 9 7 72: 64 10 6 ? 4/1 314 3 4 ? $ 18

223 112 ? 6 1 I 4 ? 176 245 9 -6 ? 2 3 4 4 ? 1081 908

9 2-12 7 564 391 21 -9 7 90 78 -0 -6 7 629 763 S -4 ? 1905 1852

17 312 7 1 11 3 9 ? 460 6210 ? 6 7 11 2 • 4 ? 7 3

• 412 ? 41 20 4 9 ? 613 370 • 6 7 9510 8107 ? 4 ? 122 138

36 S 12 7 33 42 b 0 7 416 360 5 • 7 25? 2:22 | 4 7 15 17

2 6-12 ? 46 43 • -9 7 288 222 -4 -6 7 -3 6 9 -4 7 0 1

19 ? 12 7 1107 187 7 9 7 342 233 3 6 7 104 204 10 4 ? 0 1

78 9 12 7 3 0 8 9 ? lsl 170 2 -6 7 930 935 11 4 7 4 12

72 912 7 79 157 8 9 7 52 45 I • ? 2682 2467 14 3 7 22 19

47 10-12 ? 15 20 10 9 ? 3 11 0 6 ? 257 316 13 3 7 3? 39

63 11-12 7 2 4 11 9 7 8 12 I 6 7 lb4 236 12 3 7 S 1

45 911 ? 6 0 12 9 7 72 $2 2 6 ? 1716 1494 11 , 7 618 63

13 1011 7 31 25 12 -8 ? 112 127 3 6 ? 333 405 10 3 7 23 46

14 7 11 7 14 17 11 -8 7 45 4/ 4 6 ? 110 160 0 3 7 440 446

10 611 7 21 9 10 8 ? 35

113 7 211 235 511 ? 3 14 9 -8 7 131 124 6 -6 ? 675

215 7 91 106 411 ? 177 129 -8 -8 ? 789 737 7 6 7 69

31fl '/ 133 141 311 7 85 83 ? 9 7 125 109 0 -6 7 61

615 7 70 98 -211 7 780 635 6 8 ? 631 SO0 9 -6 7 92

515 7 -7 1 111 7 230 179 6 8 ? 659 591 10 6 7 26

615 ? 17 12 011 7 600 753 -4 -10 7 1073 766 11 6 7 13

715 7 64 42 111 7 102 93 3 O ? 909 450 12 6 7 3

8-15 ? 26 4 2-11 ? 171 133 -2 -8 ? 58'/ 645 -13 -5 ? 2

614 7 35 30 311 '/ 295 225 i 4 7 1422 1536 12 5 7 10

514 7 78 76 411 7 363 221 0 8 7 667 627 11 5 ? 1044

-4-14 ? 128 185 6-11 7 109 93 1 -10 7 49 24 -10 -5 ? 62

314 7 29 29 611 ? 1 0 2 8 7 3 2 9 5 7 345

216 ? 316 315 711 ? 01 41 3 8 7 543

-1-14 7 53

0-14 7 31

1-14 ? 31

2-14 ? 109

3-14 7 57

4-14 ? 10

5-14 7 244

6-14 ? 11

714 7 139

614 7 42

9-14 ? 110

-7-13 7 33

-6-13 7 0

513 7 53

-413 ? 71

313 7 22

213 7 342

46 5 -6 7 1525 1458 -8 -3 ? 2:4 31

?07 ? -3 '/ 1873 2204

90 6 -3 7 2957 1983

20 3 -3 ? 8071 8626

96 -4 -3 ? -1 9

14 -3 -3 ? 8055 6604

8 -2 -3 ? 3191 2765

9 -1 -3 ? 536 521
0 0 -3 7 432 579

4 1 -3 7 1016 1582

763 2 -3 ? 2930 2482

106 3 3 7 2 3

294 4 -3 ? 6 22

334 -8 -5 ? 333 224 5 -3 7 3 0

35 811 ? 15 6 4 10 7 312 312 7 5 ? 2179 2:209 6 3 ? 1183 1073

21 011 7 45 15 5 10 7 1803 1070 6 5 ? 674 40? 7 3 ? 18 12

32 10-11 7 73 61 6 -8 7 69 60 -5 -5 7 268? 2799 8 -3 7 9 12

71 11-11 7 69 35 7 -8 7 137 125 -4 5 7 25 28 9 3 ? 102 115

30 1010 ? 167 143 10 8 ? 189 227 3 5 7 5214 46?0 10 3 ? 139 136

2 -9-10 ? 101 53 9 -8 7 14 ? -2 -5 7 5945 6161 11 -3 7 36 54

205 -010 ? 299 33fl 10 4 7 224 174 1 5 7 86 99 -14 2 ? 11 S

11 710 7 233 146 11 -8 7 25 41 0 5 ? 1313 951 13 2 7 17 6

124 610 ? 393 641 12 8 7 1 2 1 5 7 144 224 12 2 7 6 1

36 -5-10 ? 95 98 -12 -7 7 183 196 2 -3 ? 48 117 -11 -2 ? 102 91

81 -4-10 7 337 501 11 7 7 22 22 3 -5 7 144 207 10 2 ? 303 216

15 310 ? 477 453 10 -7 7 101 113 4 -5 7 684 564 -9 -2 7 3 9

4 -2-30 ? 7 210 -9 -? ? 115 118 b -5 7 2]$ 136 -10 -2 ? 971 796

36 110 7 248 288 8 7 ? 45 30 6 5 7 732 368 7 2 ? 3529 3432

109 0-10 ? 21 65 -? -7 7 2:06 182 ? -5 ? 32 49 -0 -2 7 2439 2107

2 110 7 1464 1202 -• -? 7 66 69 0 -3 ? 20 13 3 2 ? 2525 2342

399 2110 ? 318 233 5 7 7 1207 1201 9 5 7 66 61 4 2 7 3231 2753

13 320 ? 115 97 -3 -2 7 1074 1087
113 7 19

013 7 47 38 610 ? 12

113 7 138 105 520 7 203

213 7 342 274 6-10 7 205

313 7 1086 864 710 7 259

413 ? 276 326 810 7 204

513 7 99

6-13 '/ 52

713 ? 57

813 ? 4

313 7 6

10-13 7 3

9 -2 7 16

10 -2 7 16

11 -2 7 123

14 1 ? 33

-13 1 7 30

-12 -1 7 29

-11 -1 7 37

10 1 7 2 1 3 1 ? 139 111 7 4 ? 206 169 ? 7 7 43

9 1 '/ 2211 2120 • 1 7 454 440 6 4 ? 863 1033 6 ? ? 376

-8 -1 7 153 113 5 1 7 95 116 -5 4 '/ 23 27 -5 7 7 33

110 4 7 7 246 2?0 10 S 7 142

19 3 ? ? 2796 2533 11 6 ? 17

438 -2 -7 ? -5 2 12 -S ? 14

221 -1 -7 7 3 20 -14 -4 7 95

226 0 7 7 2102 242 13 4 7 22

186 I -7 7 3342 3665 12 -4 7 -3

75 910 7 58 SO 2 -7 7 1477 1230 11 -4 ? 44

65 10-10 ? 1 0 3 -7 ? 2879 2530 10 -4 7 969

50 11-10 7 10 21 4 7 7 ?42 632 9 -4 ? 2?6

9 11 -9 ? 17 4 3 7 7 488 449 0 -4 ? 130

2 -10 -9 7 68 74 6 -7 7 130 110 -7 -4 7 141

10 -9-9 ? 39 31 ?-? 7 3? 25 •-4 7 91

9 -4 2 7 3108 3097 -14 4 7 -3 0 -14 7 7 40

9 3 1 7 1621 1511 13 4 7 240 279 13 7 7 62

114 2 1 7 2081 2354 12 4 7 0 2 12 7 7 195

35 -_ 1 ? 1845 2035 11 4 7 816 018 11 7 7 39 63 2 10 7 2
34 1 7 5872 5128 10 4 7 709 044 10 7 7 1331 1181 10 11 ? 107

47 1 1 7 683 540 -9 4 7 401 541 -9 ? ? 164 133 9 12 ? -4

44 2 1 7 119 ?? 10 4 7 172 160 -10 ? 7 60 51 9 11 ? 23

0 ? 11 ? 90

437 6 11 7 31

33 -5 11 7 147

7 2 2 ? 250 310

17 -1 -2 ? 3665 3905

1010 0 2 ? 1 6

15 1 2 ? 3473 31•8

7 2 -2 7 2360 2576

07 3 -2 ? 473 322

820 4 -2 7 462 634

2107 5 -2 7 127 121

010 6 2 7 11 34

108 ? 2 7 89 51

115 10 2 ? 83 116

21 1 10 7 254 285

58 0 10 ? 0 4

169 1 10 ? 169 193

5

84

1

29

??

30

123
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Table C3, continued

14 K b Ohe Ca1© H K 7,, (]In4* C4t1¢ 14 K L _ Ca2© II K I, _ Cal¢ H.......... K I, (YDs Calc

_? -1 ? 134? 1654 6 1 ? 616 ?688 - 6 ? 123 1088 _ ? ? 88q? ?_0 _4 11 7 88 1

-6 -1 ? 53? 380 ? 1 7 1 0 -3 4 ? ? 19 -3 7' ? $3 44 -3 11 7 153 160

3 -1 ? 13258 13329 88 1 7 341 217 -2 4 ? 188 886 -2 ? ? 199 203 -2 11 ? 24 6
- 1

1, ,88 32 , 1 , 2 : _ , , 3,88 2,2 _ ;
-3 1301 1750 10 _ ? 36 3 _ 304 *3? 49-2-_ _ 2?26 28830 -13 ? 61 488 1 ? 741 8863 1 ? _ 3
-1 -1 7 7 10 -14 2 7 43 ]i 2 4 ? 41 i? 2 7 ? 107

0 -1 7 733? 7682 -13 2 7 @ 10 3 4 ? 484

I -1 7 554 342 -12 2 7 311 437 4 4 ? 81

2 -1 7 4033 3320 -11 2 7 359 $98 S 4 ? 3688

3 -3 ? 3 4 -10 2 ? 13 42 I 4 ? 40

4 -1 ? 8864 _34 -9 2 ? 242 530 7 4 7 2188

3 -1 ? 12 6 -88 2 ? 431 448 $ 4 7 8

8 -1 7 323 274 -7 2 ? 96 64 -14 3 7 20

? -1 7 8 11 -6 2 ? 221 120 -13 $ 7 105

88 -1 7 4?3 435 -5 2 ? 7 2 -12 3 ? 24
"9-1 7 * 13 -6 2 ? 420 4688 -11 s ? 324 ;_

101 ? 1883 22: :: : 7., .21-_:_ 221
11 -1 ? 9 7 632 827 88 63 -$ S ? 41

-15 0 7 102 19 -1 2 7 45 32 -8 8 7 72i SOt -4 i ? 395 342 G-16 I 122

-14 0 7 37 42 O 2 7 289 209 -7 5 7 12 188 -3 8 7 7 9 1-16 8 42
?2 2-18 88 49

13 07 .0. 7, 1 2 ? 15.88.10 -::_ 152 22? -2 : _ 113
-12 0 ? 3188 3885 2 2 ? 27? 179 201 129 -1 74 102 3-18 8 34

-11 0 7 20 188 3 2 ? 32 6 -4 S ? 518 SO? 0 9 ? 1588 889 4-16 I 32? 7 3-188 88 19

-_0 0, ,11 5880, 2 7 2,2 2,, :: : _ . 3 ::?
-9 0 ? 104 130 S 2 7 333 356 3831 3092 ? 44 36 6-16 88 34

-88 0 ? 288 88 8 2 7 34 188 -Z 5 7 1988 243 3 0 ? $588 190 ?lg 88 488

-? 0 ? 31 188 7 2 ? 72 66 0 5 7 945 3188 4 8 ? 22 6 -5-15 88 30

0 ? 59885 4376 88 2 ? 140 1388 1 5 7 $588

_I 0 ? 1712 88313 92 ? 17 19 2 5 ? 115

-4 0 ? 188 29 -15 3 ? 1288 114 3 5 ? 34_
-3 0 ? 868 8820 -14 3 ? 25 3? 4 5 ?

-2 0 ? 469 233 -13 3 ? 117 886 5 5 ? 107

-1 0 ? 49 31 -12 _ ? 141 122 6 5 ? 10
0 0 ? 3426 3176 -11 7 72 64 ? 5 ? 2

1 0 ? 2304 17886 -10 3 ? 24 9 -14 6 ? 884

2 0 7 1546 1632 -• 3 ? 524 535 -13 6 7 293 -4

3 o, 3,. 405 _ _ , 490 468,2 : 7 571 5088, , ?
4 0 ? 654 6886 ? 1263 14188 -11 ? 41i 43? -3 9 7 35

-6 3 7 168883 1313 -10 8 ? 129 75 -2 88 ? 144
5 0 7 120 94 388

,0, 213 235 :_, 191 14, ::,, 5 . !887? 0 7 126 107 ? 1300 2111 6 ? 5488 807 9 7 24

$ 0 7 2884 254 -3 3 ? 61 29 -7 6 7 147 107 9 7 6
488

9 0 ? 33 25 -2 3 ? 2142 223, -, _ 7 495 4388 g 9
10 0 7 67 880 -1 3 ? 29 05 -5 ? 6 4 • 66

23 72 -1210 ? 116
-15 1 ? 11 1• 0 3 ? 1296 1154 -4 6 ?

-14 1 ? 131 150 1 3 ? 1336 12881 -3 6 7 11 31 -11 10 7 36

-13 1 7 60 100 2 3 ? 31 25 -2 8 ? 432 3988 -10 10 7 124

-12 1 ? 147 134 43 3 ? 3
-11 ? 214 162 ? 154

-10 1 ? 3 3 S 3 ? 122

-S 1 7 230 304 6 3 7 88_

-88 i ? 1006 1383 ? 3 ?
?

-? 1 ? 2545 32?6 8 3 ? 137

' 1 ? 8860 770 9 3 ? 47

1 ? 1693 18801 -15 4 ? 3

9-14 ' 40 44 -4-10 i l-7-13 $ il 60 -3-10 24

-6-13 $ 32 16 -2-10 247

1 -111 ? ?? 63

55 011 ? 43 51

03 -_ 12 ? 886 65S - 22 7 43 44

431 3 7 ? $4 43 -8 12 7 ?0 43

95 4 7 ? 43 07 -S 12 7 32 60

278 3 7 ? 64 3? -412 7 212 199

39 -13 | ? 189 1688 -312 7 44 488

227 -12 2 7 2S0 290 0-17 88 -9 1

6 -11 8 7 171 137 1-17 8 3
23 -20 | 7 8 35 217 88 588 •

97 -9 88 7 26 19 3-17 8 21 25

13 -..7 2,2 19S 417 88 0

306 -? I 77 130 51 -3-168
195 -6 4S2 391 -2-16 SO

78 25 -1-16 88 72

130

688

23

887

6?

2

34

33

21

30

3 -1 4 7 145 98 -410 ? 77

147 0 $ ? 330 254 -8810 ? 77

103 1 6 ? 3880 3988 -? 10 ? 34

?3 2 6 7 424 405 -6 10 ? 95

13 3 6 ? 931 715 -510 ? 101

130 4 6 ? 29 24 -410 ? 36

445 6 7 51 14 -3 10 7 61

2 6 6 ? ?6 88• -210 ? 137

3 -• -? • 1262 1241 ? -5 88 26

257 -88 -? 88 9 43 88 -5 88 118

3880 -? -7 9 617 1025 • -5 9 25
16 26

-5-13 O 33 16 -1-10 88 357 316 -6 -? I 26 10 _ 4
-4-13 88 55 ?6 0-10 4 204 220 -5 -? 8 125 1488 11 88 59

-3-13 88 65 54 1-10 5 13 2 -4 -? | 2 4 -14 -4 : 26
-2-13 88 51 66 2-10 88 170 134 -3 -? 8 328 201 -13 -4 11

-1-13 88 409 445 3-10 88 51 77 -2 -7 6 168886 1264 -12 -4 88 40

0-13 88 469 4?6 4-10 0 1188 337 -_ -? 88 3047 2245 -11 -4 88 37
1-13 5 1422 1434 5-10 88 288 32 -7 88 311 443 -10 -4 88 0

393 -13 9 7 93 102 -4-15 0 21

155 -12 • ? 4 2 -3-15 9 136 lSS

264 -11 9 ? 1088 66 -2-15 88 16 23

12 -10 9 ? 465 3?88 -1-15 O 113 156

71 .• • ? 14 17 0-15 I 188 32

2 -9 9 7 1880 160 1-15 8 192 245

0 -? 9 ? 72 29 2-15 9 ? 11

882 -, • ? 101 147 3-1_ ' $2 65

313 -_ _ ? 60 52 4-15 88 889 93

2 5-15 88 2883 252

58 6-15 88 44 65

883 7-15 $ 49 3?

32 88-15 8 8888 57

16 -6-148 15 2

5 -5-14 8 17 0

50 -4-14 88 165 174

44 -3-14 88 10 14

133 -2-14 9 21 10

50 -1-14 $ 788 788

110 0-14 88 0 1

53 1-14 88 22? 205

66 2-14 88 44 64

$1 3-14 8 440 408

882 4-14 88 11 0

114 5-14 8 19 27

40 6-14 $ 11 16

688 7-14 8 13 19

116 88-14 8 113 140

25 -5 -2 $ 1223 1162

65 -4 -2 88 7671 ?2?6

1_ -3 -2 O 1253 1243

31 -2 -2 5 10317 10543

34 -1 -2 8 225 244

46 0 -2 O 1451 1035

121 -2 $ 11541 102188

39 2 -2 88 165 74

35 3 -2 88 271 1882

2 4 -2 O 95 99

2-13 88 ?0 59 6-10 e 244 365 1 -? • 1536 13884 -9 -4 8 315./ 367 5 -2 it 249 235

3-13 88 193 1887 ?-10 88 123 117 2 -7 88 774 039 -88 -4 8 1 6 -2 5 18

4-13 5 43 39 88-10 88 g 1 3 -? 88 53 46 -? -4 I 1796 18859 ? -2 88 965 909

5-13 88 z3 5o g-lO 88 24 88 4-? : 637 519 -6-4 88 296 149 88-2 B 34 1_25
6-13 88 336 202 10-10 8 38 31 5 -? 1271 1022 -5 -4 88 54 24 9 -2 5 92

?-1_ 88 ? 3 11-10 5 46 31 6 -? 88 3?6 424 -4 -4 8 2568 2317239 -1410 -1"2 85 10330 13532

88-13 88 ?? 45 -11 -9 9 91 57 ? -7 88 336 315 -3 -4 9 15';*

9-13 9 -? 0 -10 -9 19 S 0 6 -7 8 883 57 -2 -4 9 43?5 4438 -13 -1 $ 92 702512 -12 -1 6 33 40

10-15 88 51 20 -• -9 : 1331 1193 9 -7 : 92 (15 -1 -4 4 3040 101
-9-12 8 1 2 -| -9 161 1884 10 -7 157 149 0 -4 88 435 351 -11 -1 8 882

-88-12 8 12 2 -? -9 6 108 169 11 .'t 88 ? 6 I -4 88 ??43 62888 -10 -1 88 5881 545

-?-1_. 2 _ _,_99 254 152-13-688 103 .2 2-, . ,. 1, -91_.: 32 4?: ; 6988 8899-6-12 9 44? 325 -5 -9 | 4880 575 -12 -6 4 24 24 3 -4 4 12 -

-5-12 • 53 30 -4 -• 88 25 15 -11 -6 88 33 24 4 -4 88 0 1 -1 | 3151 278?._._ 2100 2_00-4-1288 120 ,0 -3-9 88 155 147-10-, 88 7_ ?; :-4 . 457 1014- 88
-3-129 14 43 -2-,4 -_ _ ::_6. -488 0 1030-4--199 90952 52,,
-2-12 88 13 5 -1 -9 88 1 -6 88 886 119 ? -4 88 33 202 -1 O 21 4

-1-12 $ 35 53 0 -9 O 47 889 -7 -6 • 1673 1741 6 -4 88 152 -3

0-12 8 334 33 1 -9 8 1418 1246 -6 -6 88 18888 173 9 -4 8 240 174 -1 88 20 22

1-12 88 50 ?0 2-9 88 1422 1150 -5-6 88 2912 2073 10-4 : 41 34 -1-1 5 106 146

2-12 88 460 417 3 -9 88 01 88 -4 -6 88 553 545 11 -4 19 17 -1 $ 688 199
96 102 I -1 9 261 429

3-12 9 56 77 4 -9 88 43 32 -3 -6 88 5 2 -14 -3 i412 9 2884 350 5 9 . 133 136 _ 6 88 60 25 13 _33 el 886 2 1 88 415 294
5-12 88 889 146 6 -9 88 34 49 -6 II 1449 1273 -12 34 26 3 -1 9 52 25

615 4 -1 5 189 213

6-12 ' ? 6 ? -9 ! 319 264 0-688 1041 1101 -1_-3 ' 6047-12 88 0 2 88 -9 42 26 1 -6 • 2112 2338 -1 -3 • 203 233 5 -1 5 315 3?88

88-12 9 20 2 9 -9 110 97 2 -6 88 2752 2346 - -3 8 53 69 6 -1 88 43 22

9-12 9 10 6 10 -9 i 216 214 3 -6 88 288 29 _ -3 88 1770 1574 ? 88 149 116
• 10-12 88 -6 2 11 -9 31 12 4 -4 • 688 ?9 -3 88 395 334 8 -1 9 360 432

-•-11 88 ?? 107 -12 -9 88 2 2 5 -6 88 46 19 -6 -3 O 3583 3355 9 -1 8 41 51

-88-11 88 51 96 -11 -88 8 46 70 6 -6 8 13 15 -5 -3 5 4220 3441 10 -1 9 20 16

-?-11 • 5889 542 -10 -8 9 191 1882 ? -6 88 388 47 -4 -3 88 1464 1416 -15 0 $ 4? 25

-6-11 88 169 1188 -9 -88 88 369 272 88 -6 88 3 ) -3 -3 8 3321 3284 -14 0 88 39 52
4 0 9-6 ' 1889 1988 -2-3 ' 2151 2201 -130 ' -1 6

-5-11 ' 389 4016 -8-88 88 : : ? 2
-4-11 88 9 -? -88 • 320 3? 10 -6 8 -1 0 -1 -3 88 92 44 -12 0

13 -6 0 46 44 0 -3 9 1464 1255 -11 0 686 019
-3-11 9 354 426 -6 -9 9 20

-2-11 88 ?5 42 -5 -88 9 688 ?O -13 -5 8 4 5 1 -3 9 84 56 -10 0 IB 1109 1119
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Table C.3, continued

H X L Ot_ talc H X L Obe Calc H K L Ohm Calc H K L O_ C ale

111 4 781

0-11 8 22

111 | 301

211 4 299

311 8 29

411 8 44

$11 8 84

811 8 300

711 8 143

811 8 144

811 8 9

10-11 | 43

11-11 i 4

1010 4 84

9-10 8 12

H K L Obs talc

816 4 -| 8 342 381 -12 - 8 42 31 2 -3 8 3488 3882 -9 0 8 1433 2286

8 -3 -8 I 109 124 -11 -$ O 342 311 3 -3 4 1244 1345 -4 0 O 1235 903

538 -2 -4 4 874 1109 -10 -S 8 29 2? 4 -3 8 221 258 -? 0 I 45 67

251 -1 -4 9 286 434 -9 -$ 8 444 S12 $ -2 4 122 77 -6 0 B 202 280

83 0 -9 8 1804 1294 -8 -3 $ 121 $5 8 -3 | 181 144 -5 0 4 3? 2

28 1 -| 8 830 852 -? -`5 8 238 3`52 ? -`5 8 8 3 -4 0 4 444 2?0

]14 2 -`5 '5 405 373 -6 -$ e 1'548 14,57 8 -3 8 `526 133 -3 0 8 ?_9 5'56

209 3 -`5 8 29`5 28`5 -3 -`5 8 1'543 1435 3 -3 8 11 17 -2 0 8 2430 1606

219 4 -`5 8 7`5 111 -4 -'5 8 ? 8 10 -3 '5 0 0 -1 0 I 888 996

184 '5 -8 8 104 1'54 -3 -'5 8 741 `5`5? 11 -3 8 2? 17 0 0 8 0 '5

11 8 -`5 8 321 3`50 -2 -`5 '5 9`58 1002 -14 -2 8 33 29 1 0 8 1144 102'5

71 ? -8 8 160 108 -1 -5 O 27551 2444 -13 "2 '5 6 3 2 0 8 232 331

2 8 -8 '5 6 8 0 -5 '5 1'5315 15003 -12 -2 0 140 136 3 0 '5 107,5 102'5

30 9 -4 '5 4 10 I -'5 8 412 802 -11 -`5 8 451 410 4 0 '5 24 ?

10 10 -`5 ,5 1 0 2 0,5 8 2343 2087 -10 -0 ,5 180 212 ,5 0 ,5 284 28`5

-8-10 8 19 12 11 -0 4 79 89 3 -`5 8 127 154 -4 -2 ,5 87 ,51 ,5 0 ,5 0

-6-10 8 40 8 -1; -? 1,5; 143 ,5 -`5 458 `598 o 4 0 1

320 , 1? :: 30? : _: 1 :-8 : 14,5 .2 -,_: 4464 44 , 0 122
-1'5 1 '5 84 1 2 3 34 240 8 2,51 185 -3 I 4`5 8-13 13

-14 1 8 1'5 24 3 3 8 41'5 328 3 8 | '5 9 -8 11 8 20 ? 9-13 9 6

-13 1 8 384 274 4 3 8 35 43 4 8 8 109 144 -? $1 '5 100 49 -8-12 8 34

.2 1 , 2 ,5 ,53, 10, `56 8 ,5,5 1 , -_. _ 60 46 `5;2 , ,
-11 1 ,5 21 18 6 3 ,5 102 47 -13 ? 8 47 21 -0 11 • 253 2`53 -?-12 • 10 8
-10 1 8 200 139 ? 3 0 -4 4 -;2 ? ,5 `5?2 610 -4 11 4 38

-9 ; 8 46 87 $ 3 8 230 104 -11 ? ,5 17

-, 1 , 23`5 141 -14 4 , 4 13 -10 7 ,5 4

-? 1 . 304 `5,6 -13 4 , 24 11 -4 7 . 402

-6 1 ' 2334 2934 -12 4 '5 528 `508 -4 ? , 2?
-6

1 4 144 96 -11 4 8 235 194 -7 ? 8 284

-4 1 9 57 101 -10 4 4 44? 358 -6 7 8 39

-3 1 ' 939 902 -9 4 , 116 144 -'5 ? '5 203

-2 1 .' 3693 353, -3 4 8 416 318 -4 ? . 33
-1 1 151 303 - 4 8 40 31 -3 ? 8 444

0 1 8 8 9 -6 4 8 642 485 -2 ? 8 12

1 1 6 433 373 -'5 4 8 305 197 -1 ? $ 194

2 1 4 30 20 -4 4 O 25 2 0 ? '5 '5

3 1 8 240 224 -3 4 4 259 454 1 ? '5 157

4 1 8 42 `52 -2 4 8 191 141 2 ? 8 12

1

1762

33

0

46
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38 -6-10 • 69 47

2 -3 11 | 216 194 -'5-12 3 43 41

9 -2 11 i 207 204 -4-12 9 186 124

339 0-17 3 36 S -3-12 9 4`5 57

12 1-17 9 41 39 -2-12 9 `544 5'54

282 2-17 4 28 12 -1-12 9 2`5? 2?3

10 3-1? 4 -`5 9 0-12 9 1314 11,54

178 -3-18 9 15 4 1-12 9 236 263

? -2-16 9 19 14 2-12 9 1130 ?'58

569 -1-16 9 10 3 3-12 9 59 33

10 0-16 4 20 2 4-12 9 0 16

186 1-16 9 10 2 6-12 9 63 84
? 2-16 9 33 36 6-12 9 `53 8`5

106 3-16 9 2`5 9 ?-12 9 2?? 303

1 4-16 9 117 1?8 8-32 9 32 $
5 1 8 152 203 1 4 8 54? 6?9 3 ? 8 3? 29 5 16 9 5

4 1 $ 16 9 0 4 6 65 122 4 7 8 _ 0 616 9 ?
? 1 8 24 23 1 4 4 549 36? 13 4 4 0 5 15 9 52

4 1 4 19 12 2 4 6 2`54 166 12 $ 4 144 138 41,5 9 10

9 1 8 1 ? 3 4 4 219 265 11 9 9 95 93 3 15 9 30

15 2 '5 12 0 4 4 8 12 3 10 8 8 142 120 215 9 8

14 2 8 87 66 5 4 8 59 64 9 8 8 2? 50 115 9 19

13 2 8 277 3?4 6 4 8 12 13 8 8 8 4? 45 018 9 2

12 2 0 169 135 ? 4 4 88 24 7 6 8 281 270 115 9 46
11 _ $ 29 25 14 5 '5 6 63 6 9 9 35 26 2 15 9 92

-10 8 34? 2.50 -13 _ 4 83 1 -5 ' 8 26 29 3-1'5 9 45
-9 2 8 32 `54 -12 4 34 293 -4 4 8 15 0 4-15 9 18

-8 2 8 471 423 -11 .5 O 77 55 -3 8 g 197 210 '5-1'5 9 13

-? 2 8 126 140 -10 $ 8 109 110 -2 8 8 31 27 6-15 9 79

6 2 . 17?1 1?83 9 3 80 685 548 1 : ' 129 104 ? 15 9 6

-5 2 4 343 251 -8 '5 224 343 88 2? 38 . -6-14 9 0
-4 2 8 1569 1009 -? 5 8 583 562 1 9 357 272 -'5-14 9 45

-3 2 9 685 `504 -6 5 8 59 3? 2 8 8 98 ?3 -4-14 9 10

-2 2 4 122 103 -5 b 6 117 184 3 $ 8 3? 26 -3-14 9 2

-1 2 : 830 695 -4 5 9 ?07 614 -12 9 : ?0 45 -2-14 9 28

0 2 1 9 -3 S _ 294 282 -11 9 1'5 36 -1-14 9 98
1 2 8 239 207 -2 8 301 402 -10 9 8 -3 1 0-14 9 33

2 2 8 15 ? -1 5 4 262 300 -9 9 4 26 28 1-14 9 1"/

3 2 8 655 462 0 8 8 5 3 -8 9 O O 18 2-14 9 318

4 2 . 53 63 1 '5 ' 21'0 116 -? 9`5 314 287 3-34 , 42

5 2 ' 867 816 2 $ 0 614 565 -6 98 ? 8 4-14 9 76

6228 21 30 3_: 234 136 -5 9 ' 219 23? '5-149 61
? 8 296 220 4 76 40 -4 9 8 6 6-14 9 254
$ 2 6 52 48 5 5 $ 4 8 -3 9 6 119 11_ 7-14 9 28

15 9-12 9 57 24

13 10-12 9 13 2

90 -10-11 9 18 6

18 -9-11 9 1 11

31 -8-11 9 10 8

1 -?-11 9 695 607

29 -6-11 9 39 31

0 -,5-11 9 243 228

?0 -4-11 9 242 290

94 -3-11 9 285 272

49 -2-11 9 30 9

6 -1-11 9 117 128

16 0-11 9 14 2?

71 1-11 9 -2 0

11 2-11 9 103 142

0 3-11 9 1561 1386

`5`5 4-11 8 1249 1361

9 5-11 9 340 267

6 6-11 4 11 1

46 7-11 9 85 68

?4 0-11 9 -5 '5

65 9-11 9 68 78

29 10-11 9 6 1

266 -10-10 9 66 8`5

31 -9-10 9 18 20

76 -8-10 9 42 32

81 -7-10 9 107 109

249 -610 9 67 70

10 -5-10 9 40 30

-15 3 8 4 21 6 2, 9 33 20 -2 $ 6 319 298 9-14 9 2 1 -4-10 9 55 `59

-1438 185 141 -148888 106 124 -198 90 36 -8-139 3"/ 2_ -3-109 10 2-13 3 8 18 13 -13 25 20 9 4 308 248 -7-13 9 6 -2-10 9 626 629

-12 3 8 104 107 -12 6 8 325 351 1 99 Be 29 29 -6-13 9 80 10"/ -1-10 9 -3 1

-11 3 8 31 25 -11 6 6 459 465 2 | 69 44 -5-13 9 89 103 0"10 9 2116 2017
-10 4 118 149 -10 6 8 1423 1269 -11 10 102 103 -4-13 9 693 '569 1-10 9 18 17

-9 3 9 41 12 -9 6 8 21 40 "10 10 88 14 19 -3-13 9 168 128 2-10 9 468 362
-4 3 8 900 I123 -8 6 8 171 223 -9 10 179 186 -2-13 9 338 278 3-10 9 63 126

-? 3 , ?64 655 .? 88: 388 349 -,10 : ,4 "/6 -1-. , 3?2 29? 6-10, 62 41
-6 3 8 2 31 -6 27 11 - 10 72 54 0-13 8 2?4 217 5-10 9 '579 `563

-5 3 8 706 573 5 4 8 424 303 -6 10 4 51 28 1-13 9 6

6-10 9 47 42:_3 : 29,0 2681_4, : 41 : -610 : 12, 11, 2.3 , 30 1 ?-10, ,0 25
3 470 576 -3 6 664 90 -4 10 67 75 3-13 9 67 74 8-10 9 2 10

-2 3 9 1076 "/47 -2 6 4 12 7 -3 10 9 35 53 4-13 9 734 640 9-10 9 41 55

-1 3 6 553 636 -1 6 8 772 654 -2 10 4 251 244 '5-13 9 25 5 10-10 9 -2 0

o 3 . -3 1,5 o 8 6 12 _ -_1o 8 226 224 4-13 9 11 3 -11-9 , 64 76
1 3 8 -4 2 1 6 9 186 19 10 8 5 I 7-13 9 30 36 -10 -9 9 15 2

-9 -9 9 175 218 10 -? 9 50 65 2 -4 9 `504 397 -7 -1 9 682 717 -12 2 9 313 419

-8 -9 9 146 120 11 -7 9 4 0 3 -4 9 268 256 -6 -1 8 772 "143 -11 2 9 282 346

-7 -9 9 394 354 -13 -6 9 `59 59 4 -4 9 19 17 -5 -1 8 96 115 -10 2 9 40 65

-6 -99 50 66 -12 -6 9 52 42 '5 -4 9 644 070 -4 -1 9 487 249 -9 2 8 153 72
-5 -9 9 316 264 -11 -6 9 '56

58 6 -4 8 116 114 3 1 9 118 136 -4 2 8 42 40

-4 -9 9 640 618 -10 -6 9 9? 91 ? -4 9 969 1013 -2 -1 9 1446 1321
-3 -9 9 267 -7 2 9 351 299

146 -9 -6 9 14 52 $ -4 9 88 72 -1 -1 9 409 266 -6 2 9 148 121

-2 -9 9 757 773 -8 -6 9 183'5 1491 9 -4 9 180 176 0 -1 9 167 221 -5 2 9 1471 1616

-1 -9 8 155 150 -? -6 9 39 20 10 -4 9 129 102 1 -1 9 125 108 -4 2 9 644 665
0 -9 9 1217 1011 -6 9 312 326 -14 8 47 50 2 -1 9 954 1315 -3 2 9 663 981

1 -9 9 173 190 -5 -6 9 509 494 ",13 -3 9 91 85 3 -1 9 102 66 -2 2 9 781 791

2 -9 9 107 141 -4 -6 9 509 616 -12 -3 9 96 144 4 -1 9 40 44 -1 2 9 1224 1295

3 -9 9 802 665 -3 -6 9 1'550 1395 -11 -3 9 16 26 5 -1 9 25 41 0 2 9 1405 1320

4 99 192 112 2;18 2351 2436:0;: : 3? 51 6. : 1.2 1598 ,: , 122 85
65 -9-9 99 57590 453 -1 9 1905 2081 214 170 7 -1 165 144 2 9 606 549

69 o-6 9 462 32? -._-39 40 s3 _-1 9 218 241 3 2 8 26 10
? -9 9 -6 32 1 - 9 314] 5333 - _-'3 9 2514 2156 4 -1 9 6 4 4 2 9 -4 7
9 -9 9 -? 2 2 -6 9 171 298 -6 9 107 183 -1 0 9 99 73 6 2 9 544 464
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Table C.3, continued

H K L G_ C.alc H g L 0t_ "lc H R L _ Calc H K L (7o0 Calc H X L 0bs talc

4 _ 41 41 369 1749 1549 -539 137 117 -1309 -_ _ ? 29 -14 19

10-9 ' 39 29 4 -' ' 40S 39. -4-3 , 1460 1334 -120 , 31 35 . 2 , 927 106'

-12-6, . 6 5-6 , 9. .0 :::_: ,.1 2.6-. : : 262 3,,-- ] :
-11 -6 9 10 14 6 -4 9 54 59 6|?? 6399 -10 371 340 -13 14 30

-10 -6 9 291 274 ? -6 9 34 48 -1 -3 9 731 ?02 -9 0 9 99 3 -12 3 4 4 1

-3 -0 3 -2 2 0 -6 9 114 ?4 0 -3 9 390 264 -0 0 9 31 4 -11 3 9 1525 1441

_0.9 , .5 11, 9.69 . . _:_:., 13o -, _: 3. 267-1o_,
-? -4 9 435 414 10 -6 9 96 94 134 73 -6 500 427 -9 9 926 174

_6_4 , 34, 470-.-5 , 60 . ,_3. 734 670 :: 0 , 9,2 9,, __ _ : ,0, ,.
-3 -0 9 6 3 -12 -$ 9 ? 9 4 -9 9 1102 1052 0 _ 1042 1610 - 2030 2037
-4 -0 9 1566 1915 -11 -s 9 24 9 3 -) 9 6 -3 o 1436 2040 -4 s 9 171 30?
-3 -9 9 29 33 -10 -3 3 300 230 6 -3 3 827 693 -2 0 9 720 573 -S 3 9 65 96

-2 -9 9 460 436 -9 -5 9 53 32 ? -$ 4 24 23 -1 0 $ 2323 2101 -4 3 9 917 865

-1 -9 9 365 323 -4 -3 9 710 733 O -3 92128 2129 01 O0 99 200|24 100433 2-3 33 99 106952 94165

o.4 , 36 . _72_: 9?6 02, ::_ :
1 -4 9 1604 1432 -6 1543 1905 1 50 36 2 0 9 126 159 -1 3 9 101 42

2 °0 9 71 42 -5 -3 9 123 143 -14 -2 9 43 67 3 0 9 253 317 O 3 9 55 105

3 -0 9 394 623 -4 -5 $ 360 994 -13 -3 9 24 34 4 0 9 116 53 1 3 9 160 154

13_ 173 -1 -b _ 960 ?33 -10 -2 054 601 ? 9 23 22 5 4 135 137

459 654 0-5 412 492 -9-2 ,1 15 . : , 11 2 _ : 2515 21
227 241 9 1

26195 2576 21 _ _ 1834535 1549565 _ SO 38 -1 _ 9 ?3 ?4 -16 _ 9 42 52

: 5 lO? 244 :: 222 21 12 : : 311 .1 2 : ,
1 _ 3 29 12 -13 134 118 -13 9 107 9

2 : : ; : : 1414 i . 6 ? i i , : :1, : _ 2,33 2154-30 ] 2, 5, -1 ,
: °: : _ :: _ 17o : _ .1 71o - , . o10 -? _ ?47 685 -4 4 9 275 362

-9 -7 9 295 247 4 -5 9 250 224 -1

-| -7 5 ?? 121 4 -5 9 6 0 0 -2 9 354 322 -? 1 9 14 24 -? 4 9 696 662
23 -4 4 9 614 480

_?_?, 40 ,1 102_, : _ 1-2 , 89 49 -, 1 , 66425 -5 1 9 $0 122 -5 4 2?6 405

-, -? , 2228 2799 -14 ' 4 ] -2 _ 513 52 16
-5 -? 9 376 443 -13 -4 9 34 22 -2 49 06 -4 1 9 719 630 -4 4

-4 -? 4 95 165 -12 -4 9 30 37 4 -2 9 949 360 -3 1 9 3414 3424 -3 4 4 516 316

-3 -? 9 4 11 11 -4 9 11 26 S -2 9 139 176 2 2 9 531 381 -2 4 9 129 151

2 -? 9 123 45 -10 4 9 251 313 6 -2 9 43 ?3 1 1 9 2069 1979 -1 4 9 203 82170

-1.?, 104 ::::, 14, 109?:: : 13, 12760 :, 46 26 i, 164-? 9?2 9_ 9 430 480 0 258 140 1 9 1288 1297 4 3? 38

_ 2865 -? -6 9 6o? 526 9 -2 4 97 112 2 I 8 2_ 2 4 s01 525
-7 2549 4 9 2?3 224

2-7 , ,4 ?_ :__6 : ? , 10-2 , 12 , _ i , 35 33 4
3 -? 9 4 4 1355 1358 -141 9 262 1_6 4 1 9 292 264 b 4 9 129 94

4 -7 9 330 357 -44 9 10 6 -13 -1 9 121 152 5 1 9 42 96 6 4 9 55 bl

5 -? 9 203 231 -3 4 9 53 34 -12 -1 9 313 269 6 1 9 33 32 14 5 9 49 34

6 -7 9 49 161 -2 -4 9 10 3 -11 1 9 117 74 ? 1 9 2 11 13 5 9 151 173

? ? 9 15 1 -4 : 3021 2989 12 -1 : 20 38 ' 1 9 117 131 -12 _ ' 24 31
4 -? 9 -4 _ 0 -4 1565 1504 -1 406 403 -14 2 9 19 21 -11 9 ?20 633

9 -_ 9 12 1 -4 9 4264 3936 -4 -1 9 672 077 -13 2 9 110 141 -1_ _ 9 52 39

9 b 9 1054 92_ 9 9 9 390 340 01310 137 102 9-1010 84 62 - 10 824 757

-8 5 9 ?b 77 9 9 19 2 11310 395 332 9-1010 27 15 ? ? 10 56 11

-? S 9 1244 114b -_ 9 26 53 2-1310 |0 ?3 10-1010 14 19 6 -? 10 252 160

-6 5 9 20 42 -6 9 _ 171 130 3-13 10 25 14 -11 -9 10 30 28 9 -? 10 96 61

-5 5 9 195 133 -b 9 9 2 1 41310 30 30 -10 -910 9 1 10 -? 10 ?4 64
36 71 -13 -610 63 62

-4 5 9 446 394 -4 _ 9 206 189 5-13 10 466 329 -9 -9 10
-3 5 9 110 85 -3 9 77 117 6-13 10 54 82 -8 -9 10 620 544 -12 -6 10 0 0

-2 b 9 352 392 2 9 9 345 362 71310 10 _ ? -910 3 2 11 -610 4 1
-1 5 9 69 43 1 9 9 203 171 8-1310 33 1 -6 -910 183 170 -10 -610 21 59

0 5 9 3?4 516 0 9 9 311 384 -9-12 10 10 1 -5 -9 10 156 137 -9 -6 10 65 10185

I 5 , 45 76 .1OLO, 22 1_ -8-.lO 111 139 ::-9_o 64 51 -_-61o -
3 9 194 30 910 _ 2 ?-1210 22 2? 910 68 46 -610 848 658
4 _ 9 20 _ -810 105 97 -612 10 42 112 -2 -910 2372 2456 -6 -610 596

S 5 9 150 62 -? 10 9 41

-13 g 9 2?4 2?6 -6 10 9 166

-12 E 9 40 46 -5 10 9 -2

-11 6 9 469 410 -4 10 9 253

-10 6 9 94 69 -3 10 9 108

9 6 9 72? 598 210 9 10

-$ 6 9 70 63 11710 0

? 6 9 352 43? 21710 53

-6 6 9 57 41 -3-16 10 45

-5 6 9 25 21 -2-16 10 38

-4 6 9 150 I05 -1-16 I0 I0

-3 6 9 189 133 0-1610 11

-2 6 9 28 613 1-1610 0

-1 6 9 29 24 2-16 10 113

0 6 9 13 9 3-1610 19

1 6 9 76 90 4-1610 75

2 6 9 95 138 5-16 10 ?9

3 6 9 106 127 -5-15 10 30

4 6 9 159 15 -4-15 10 0

13 ? 9 96 117 3-1510 12

-12 ? 9 25 24 -2-15 10 54

11 ? 9 280 3?4 -1-15 10 4_

-10 ? 9 0 2 0-15 10 90

9 7 9 109 94 1-1510 39

-8 ? 9 3 5 2-15 10 16

-? ? 9 15 4 31310 53

6 ? 9 532 456 41510 10

-5 ? 9 284 319 3-15 10 373

4 7 9 285 273 61510 76

-3 ? 9 128 120 ?-1510 55

2 7 9 521 600 -6-14 10 45

-1 ? 9 48 27 -5-14 10 97

0 ? 9 72 65 -4-14 10 16

1 ? 9 100 96 -3-14 10 141

2 ? 9 140 ?6 21410 2?

3 ? 9 95 74 -1-14 10 343

-12 8 9 17 6 0-1410 169

-11 4 9 54 46 1-14 10 56

10 8 9 2? 17 2-14 10 45

-9 8 9 82 40 31410 341

-0 8 9 4? 55 4-14 10 24

-? 8 9 122 ?$ 5-14 10 16

434

26 3-1210 179 193 -_ -9 10 1032 1986 -5 -610 429 966
163 -4-1210 241 272 -910 1242 1007 -4 -6 10 66 40

0 -3-12 10 60 89 1 -9 10 1140 1178 -3 -6 10 124 175

295 -2-12 10 146 153 2 9 10 52 75 2 -6 10 6 8

99 -11210 193 252 3 -910 04 26 1 -610 12 6

4 0-12 10 65 61 4 -910 66 ?5 0 -6 10 3414 3242

12 )12 10 434 37? 5 -9 10 43 64 1 -6 10 714 741

105 2-1210 165 124 6 -910 133 133 2 -610 1544 1535

46 3-_2 10 694 617 ? -9 10 6 9 3 -6 10 1058 982

3? 4-1210 13 4 8 -910 5 1 4 -610 534 466

0 5-12 10 ?4 ?? _ -9 10 -3 2 5 -6 10 ? 0
6-12 10 356 298 1 -910 40 36 6610 41 28

?-12 10 142 115 -12 -8 10 24 35 ? -6 10 114 112

52 9-1210 113 132 -11 0 I0 29 17 8 -610 98 12_
29 91210 ? 2 -10 -610 173 234 9 -610 5

63 -10-11 10 77 61 -9 -8 10 20 5 10 -6 10 20

74 -9-1110 25 10 -8 -8 10 14 9 -13 -510 23

15 -8-11 10 34 57 -7 -8 10 741 586 -12 -b 10 27

2 -?-11 10 -1 0 -6 -6 I0 99 163 -11 -5 10 131

5 -6-.lO1_ lo_ _5::1o 2 2 .1o:_1o
61 -5-11 10 -4 10 199 126 -9 10 73

16 41110 4 I 3 O 10 605 1076 -9 -510 92

83 -3-1110 244 210 -2910 87 17 -7510 326

54 -2-11 10 3 5 -1 -9 10 53 118 -6 -5 I0 9

? -2-13 10 11 ? 0 -9 10 146 106 -5 -5 10 394

66 01210 90 69 1 -910 339

5 11110 291 418 2 -810 85

299 211 10 O? ?4 3 B 10 381

53 3-1110 46 46 4 -2 20 728

69 41110 157 159 3 -210 100

34 5-II 10 66 6? 6 -810 117

164 6-1110 24 9 ? -i 10 1129

21 71110 12 9 e -410 41

173 6-11 10 104 _ :-: 10 4
49 9-11 10 36 5 1 10 0

334 1010 10 94 105 -12 -? 10 22

4

23

24

113

0

863

105

6?8

0

414

315 -4 -b 10 82 140

66 -3 -S 10 432 479

318 -2 -510 149 126

752 I -520 17 23

1?1 0 -510 306 32?

119 I -510 30 10

922 2 -510 20? 209

39 3 -5 $0 493 496

1 4 -510 750 655

I0 5 -5 I0 195 173

1 6 -5 10 392 30?

327 -9-10 10 41 24 -11 -7 10 62 40 ? -5 10 25 25

?3 _2-1010 72 90-_:-710 133 322 ::_10 ,71 37_
50 710 10 303 232 ? 10 113 105 10 274 264

363 -61010 349 347 -4 -? 10 184 170 10 -510 21 41

40 510 I0 299 222 -? ? 10 434 376 -13410 24 31

12 -4-10 10 415 369 -6 -? 10 424 246 -12 -4 10 61 62
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Table C.3, continued

H X L 01_ Ca•¢ H K L Obs Calc N • L (_ms CalC H • L _ Ca•c H K L Gbl Calc

..................................................

-8 8 8 347 3£4 4-24 10 1S3 I41 -3-10 20 287 174 -9 o7 10 1381 1148 -11 4 10 709 713

-5 8 9 •26 97 7-14 10 33 15 -2-10 10 1811 •830 -4 -7 10 86 69 "10 -4 80 3 4

-4 8 9 280 285 2-84 10 19 30 -1-10 10 1316 1338 -3 -7 80 448 332 -8 -4 10 275 22 7

-3 8 9 1 15 -8-13 10 82 47 0-•0 20 11 19 -2 -7 10 80 ?4 -2 -4 10 7 13

-2 8 • 837 817 -7-13 10 30 21 •-10 10 1463 •274 -• -7 80 1069 8001 -? *4 10 34 23

-1 8 9 137 •$8 -$-13 80 -2 1 2-10 80 ••8 101 0 -7 80 2•2 187 -4 -4 10 756 $$0

0 8 9 $ 7 *b-13 10 25 23 3"10 10 •66 144 I "7 10 3 g -$ -4 10 496 S4|

1 8 • -7 0 -4-13 80 $ 1 4-10 10 88 43 2 -7 10 323 414 -4 -4 10 -2 8

2 2 9 9 4 -3-13 10 0 13 3-10 10 724 8S? 3 -7 10 41 8g -3 -4 20 2876 2157

-11 • 9 02 2 -2-13 10 13 1 6-10 10 90 91 4 -7 80 757 788 -2 -4 10 432 2?9

-10 • 8 118 128 -1-13 10 28 10 7-10 10 38 37 8 -7 10 -2 8 -1 -4 20 •083 1083

0 -4 10 770 709 -6 -1 80 386 489 -8 2 10 828 183 -4 8 10 813 820 -2-•• 11 15 ?

• -4 10 3023 3149 -S -1 80 •• 88 -7 3 80 7 2? -3 2 80 429 417 -1-18 81 28 4

2 -4 10 •80 463 -4 -1 10 1187 1288 -• 2 80 2831 1407 -2 S 10 228 128 0-18 81 2 •

3 -4 10 39 35 -3 -• 80 494 4•9 -8 2 10 •72 335 -1 S 10 110 80 1-18 11 11 1 8

4 -4 10 30 21 -2 -1 10 841 $43 -4 2 10 1281 1178 0 S •0 37 32 2-18 11 36 14

8 -4 10 133 2•4 -1 -1 10 89 41 -3 2 10 332 433 1 S 10 •• 40 3-18 •1 137 810

6 -4 80 8| 86 0 -• 80 81• •42 -2 2 80 300 881 2 2 10 0 7 4-•• 28 17 34

7 -4 10 87 84 1 -1 10 10 3 -• 2 •0 25 28 3 S 10 244 245 S-18 •• 3 6

• -4 10 14 11 2 -1 10 335 327 0 2 10 120 •74 4 S 10 22 38 -$-15 11 14 24

t -4 10 -3 0 3 -1 10 703 832 1 2 10 22 8 -•3 • 80 89 111 -4-15 11 11 3

-14 -3 10 50 85 4 -1 10 $ 1 2 2 10 148 •08 -12 • 10 •• $9 -3-15 11 -4 $

-83 -3 10 227 214 5 -1 •0 22 42 3 2 80 •• 72 -11 6 10 85 107 -2-•5 11 ? 3

-12 -3 10 •2 80 • -• 80 •• 17 4 2 10 45 75 -•0 4 10 203 203 -1-85 11 2 3

-11 -3 10 197 181 7 -1 10 35 • $ 2 10 123 83 -8 • 10 329 3•8 0-15 11 20 23

-10 -3 10 2 9 8 -1 10 11 4 • 2 10 •• 0 -8 J 10 132 •3• 1-•S 11 37 40

-8 -3 10 243 2S$ -14 0 10 4 3 7 2 10 4 13 -7 4 10 37 24 2-18 11 33 48

-8 -3 10 14 24 -13 0 10 108 141 -14 3 10 -1 18 -6 8 20 35 31 3-18 11 -7 1

-7 -3 10 108 202 -12 0 10 39 26 -13 3 10 117 104 -3 8 80 81 91 4-18 11 47 49

-6 -3 10 12 30 -11 0 10 662 604 -12 3 10 85 83 -4 6 10 183 18S 8-13 11 14 18

-3 -3 10 165 233 -10 0 10 40 33 -11 3 10 191 204 -3 8 10 1271 1175 •-15 11 0 2

-4-310 154 121 -1 010 . 28-10 310 4,0 486 -2 610 68 7, -,-1411 26 24
-3 -3 10 •364 •422 -8 0 10 224 254 -9 2 10 •2 !1 -1 • 10 654 6$7 -$-14 11 30 20

-2 -3 10 684 442 -7 0 10 835 752 -2 $ 10 186 157 0 g 10 282 232 -4-14 11 43 78

-1 -3 10 825 681 -6 O 80 22 23 -7 3 10 213 224 1 • 10 48 46 -3-14 11 114 06

0 -3 10 128 250 -$ 0 10 57 70 -i 3 10 29?8 21t6 2 6 10 57 62 -2-14 11 42 25

I -3 10 92 09 -4 0 10 373 421 -5 $ 10 29 0 3 6 10 0 0 -1-14 11 163 165

2 -3 10 193 21t -3 0 10 0 25 -4 3 10 2231 2130 -12 ? 10 4 3 0-14 11 -1 1
3 -3 10 3 0 -2 0 10 833 902 -3 3 10 12 3 -11 ? 10 -5 0 1-14 11 165 17 1

4 -3 10 15 7 -1 0 10 25 52 -2 3 10 ?88 952 -10 ? 10 102 105 2-14 11 31 15

3 -3 10 -2 1 0 0 10 1106 1385 -1 3 10 1 2 -9 ? 10 8 3 3-14 11 160 140
• -3 10 196 181 1 0 10 93 71 0 3 10 248 190 -8 7 10 144 108 4-14 11 18 44

25 17 2 0 10 774 80 -? 7 10 52 61 5-14 11 70 727::10 $22 I:1o 588 10 142 184 3 0 10 60 26 10 127 93 -6 ? 10 61 61 6-14 11 4 11

8 -3 10 49 51 4 0 10 65 77 3 3 10 31 35 -$ 7 10 129 138 7-14 11 1 $

-14 -2 10 22 19 5 0 10 12 5 4 $ 10 30 34 -4 ? 10 42 51 -7-13 11 50 46

-13 -2 10 160 166 6 0 10 131 147 $ 3 10 111 150 -3 7 10 389 504 -6-13 11 38 39

-12 -2 10 65 75 ? 0 10 46 46 6 3 10 18 ? -2 ? 10 111 132 -5-13 11 31 49

-11 -2 10 242 304 8 0 10 16 17 -14 4 10 102 80 -1 7 10 365 353 -4-13 11 30 10

-10 -2 10 0 8 -14 1 10 64 91 -13 4 10 70 6t 0 ? 10 13 4 -3-13 11 224 288

-9 -2 10 315 278 -13 1 10 • 1 -12 4 10 183 145 1 7 10 126 75 -2-13 11 169 105
-g -2 10 536 688 -12 i 10 65 48 -11 4 10 10 6 2 7 10 13 3 -1-13 11 779 800

-? -2 10 114 84 -11 1 10 34 14 -10 4 10 366 279 -11 # 10 -1 1 0-13 11 26 29

-6 -2 10 03 41 -10 1 10 259 249 -9 4 10 219 215 -10 8 10 500 452 1-13 11 2 0

-5 -2 10 1268 1231 -9 1 80 71 03 -8 4 10 1007 1689 -9 O 10 14 86 2-13 11 353 376

-4 -2 10 136 174 -8 1 10 1007 883 -7 4 10 369 219 -6 8 10 228 216 3-13 11 25 20

-3 -2 10 293 215 -7 I 10 177 107 -6 4 10 1146 1275 -7 8 10 93 39 4-13 11 471 418
-2 -2 10 534 842 -6 1 10 1356 936 -5 4 10 32 24 -6 8 10 172 157 5-13 11 112 118

-1 -2 1O 1 10 -5 1 10 1132 94] -4 4 10 418 606 -5 8 10 23 23 6-13 11 0 1
0 -2 10 775 820 -4 1 10 149 142 -3 4 10 301 313 -4 6 10 • 10 7-13 11 4 12

I -2 10 4 2 -3 1 10 509 508 -2 4 10 1131 1157 -3 8 10 229 212 8-13 11 6 3

2 -2 10 479 411 -2 1 10 300 413 -1 4 10 773 542 -2 8 10 152 145 -9-12 11 50 40

3 -2 10 14 0 -1 1 10 591 292 0 4 10 321 213 -1 8 10 163 148 -8-12 11 7? 68

4 -2 10 702 688 0 1 10 6 2 1 4 10 155 ?b 0 8 10 61 57 -7-12 11 100 178

5 -2 10 378 470 1 1 10 1216 1245 2 4 10 -10 1 -10 9 10 42 29 -6-12 11 24 24

6 -2 10 160 126 2 I 10 217 238 3 4 10 -6 5 -9 9 10 20 21 -5-12 11 76 84

? -2 10 85 69 3 1 10 78 78 4 4 10 35 16 -8 9 10 120 104 -4-12 11 102 151

O -2 10 22 22 4 1 10 205 183 5 4 10 53 36 -7 8 10 273 258 -3-12 11 36 50

9 -2 10 23 18 $ 1 10 604 566 -13 5 10 32 42 -6 9 10 129 151 -2-12 11 106 100

-14 -1 10 28 33 6 1 10 106 120 -12 5 10 152 153 -3 8 10 161 153 -1-12 11 577 559

-13 -1 10 81 111 7 1 10 128 100 -11 5 10 450 464 -4 8 10 -5 0 0-12 11 29 5

-12 -1 10 8 0 -14 2 10 90 66 -10 5 10 10 29 -3 8 10 30 23 1-12 21 154 131

-11 -1 10 86 81 -13 2 10 187 167 -9 S 10 218 234 -2 8 10 30 49 2-12 11 1 2

-10 -1 10 251 267 -12 2 10 33 34 -8 5 10 366 413 -7 10 10 21 14 3-12 11 2 2

-9 -1 10 730 D02 -11 2 10 81 51 -7 5 10 130 102 -6 10 10 1 3 4-12 81 36 2 7

-8 -1 10 109 74 -10 2 10 0 10 -6 3 10 ?23 626 -5 10 10 12 16 5-12 11 -5 0

-7 -1 10 824 773 -9 2 10 • 13 -5 5 10 8 11 -3-16 11 49 50 6-12 11 69 47

7-12 11 50 52 -8 -8 11 60 27 -10 -5 11 230 228 -14 -2 11 18 5 ? 0 11 42 33

8-12 11 115 121 -? -O 11 185 161 -9 -5 11 364 340 -13 -2 11 3 5 -14 I 11 58 62

-9-11 11 308 214 -6 -8 11 106 104 -8 -5 11 453 432 -12 -2 11 36? 365 -13 1 11 -1 4

-8-11 11 16 31 -3 -8 11 71 111 -7 -$ 11 417 269 -11 -2 11 10 13 -12 1 11 46 66

-7-11 11 214 228 -4 -8 11 26 17 -6 -b 11 203 146 -10 -2 11 123 135 -11 1 18 2? 5
-6-11 11 -1 0 -3 -8 11 546 410 -5 -5 11 • 21 -1 -2 11 44 36 -10 I 11 212 221

-5-11 11 35 56 -2 -9 11 616 621 -4 -S 11 189 236 -8 -2 11 ?54 693 -8 I 11 7 1

-4-11 11 157 206 -1 -8 11 714 649 -3 -5 11 108 85 -? -2 11 123 27 -8 1 11 359 321

-3-11 11 14 14 0 -8 11 709 603 -2 -5 11 1122 1240 -6 -2 11 240 261 -9 1 11 114 166

-2-11 11 341 185 1 -8 11 13 11 -1 -5 11 145 1004 -5 -2 11 2 12 -6 1 11 184 117

-1-11 11 332 251 2 -8 11 202 256 0 -5 11 123 134 -4 -2 11 64? 48? -5 I 11 161 129

0-11 11 1526 1382 3 -2 11 0 2 1 -5 11 41 4 -3 -2 11 445 46? -4 1 11 543 _ 4•3

1-11 11 45 24 4 -8 21 166 179 2 -5 11 272 210 -2 -2 11 297 153 -3 1 11 2614 2411

2-11 11 431 563 5 -8 11 771 660 3 -5 11 178 236 -1 -2 11 ?29 828 -2 1 11 1 1

3-11 11 6? 48 6 -8 11 -2 1 4 -5 11 13 11 0 -2 11 555 602 -1 1 11 902 1168

4-11 11 226? 1849 ? -8 11 227 218 5 -5 11 ?05 618 1 -2 11 69 83 0 1 11 10 0

5-11 11 61 81 8 -8 11 11 8 6 -5 11 392 310 2 -2 11 -1 2 1 1 11 110 189

6-11 11 -6 3 9 -6 11 14 106 ? -5 11 27 22 3 -2 11 109 83 2 1 11 141 155

7-11 11 2 14 -12 -7 11 12 8 9 -5 11 36 35 4 -2 11 10 13 3 i 11 10 ?

8-11 11 60 54 -11 -7 11 3 34 9 -5 11 51 40 5 -2 11 88 100 4 1 11 59 9

8-11 11 127 111 -10 -7 11 10 0 -13 -4 11 5 1 6 -2 11 150 126 5 1 11 67 92

-10-10 11 41 36 -9 -7 11 157 157 -12 -4 11 21 24 ? -2 11 26 44 6 • 11 4 1

-9-10 11 165 225 -6 -7 11 162 152 -11 -4 11 158 151 8 -2 11 -3 1 -14 2 11 93 101

-8-10 11 8 2 -? -? 11 12 51 -10 -4 11 112 96 -14 -1 11 61 93 -13 2 11 -4 1

-?-10 11 133 139 -6 -? 11 168 222 -9 -4 11 3 12 -13 -1 11 128 131 -12 2 11 180 190

-6-10 11 5? 56 -5 -? 11 459 410 -S -4 11 465 341 -12 -1 11 2 5 -11 2 11 26 21
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Table C.3, continued

H R L Gbe Ca1© H I L Cl_ Cal¢ H g L 01_ Cal© H R L Ct_ "'1o N X b Ol_ Celt

-_-10 21 t2 10_ -4 °7 11 270 23_ _7 -4 1_ 207 26_ -11 _1 21 40 44 -10 2 1_ 42 13

_4_10 11 _1 14 -3 _7 _1 4 1 _6-4 21 $76 S69 _20 _1 11 166 l|g -g 2 12 249 321

-3-10 1_ 262 313 °2 _7 11 611 i75 _5 _4 11 ?0 _06 -g -1 _1 71 ?6 _ 2 2_ 665 _60

-2-10 11 745 797 -1 -7 11 157 136 -4 -4 11 056 666 -I -1 11 226 361 -7 2 11 32 59

-1-10 11 6 g 0 -7 11 04 $6 -3 -4 11 51 19 o7 -1 11 661 710 -6 2 11 347 397

0-10 11 620 643 I -7 11 71 Jl -2 -4 11 1101 1194 -g -1 11 729 666 -5 2 11 2378 2201

1-10 11 52 35 2 -7 11 ||6 |G2 -1 -4 11 343 427 -5 -1 11 142 190 -4 2 11 200 217

2-20 11 174 152 3 -7 11 452 431 0 -4 11 1119 1164 -4 -1 11 1071 1102 -3 2 11 4009 3996

$-10 11 1 11 4 -7 11 106 149 I -4 11 0 10 -3 -1 11 51 42 -2 2 11 3 ?

4-10 11 -6 1 S -7 11 60 60 2 -4 11 2S 21 -2 -1 11 619 403 -1 2 11 $40 839

S-10 11 169 17Q 6 -7 11 310 335 3 -4 11 172 191 -1 -1 11 126 107 0 2 21 -2 S

6-10 11 18 S ? -7 11 2 1 4 -4 11 0 1 0 -1 11 30 10 1 2 11 246 260

7-10 11 34 64 | -7 11 20 27 $ -4 11 13 10 I -1 11 214 700 2 2 11 09 31

2-10 11 25 20 0 -7 11 5 | 6 -4 11 61 40 2 -1 11 66 45 3 2 11 ZS2 200

• -10 21 27 10 -13 -$ 12 4 0 ? -4 11 60 68 3 -2 11 31 42 4 2 11 16 5

-21 -• 11 161 20| -12 -E 11 31 34 2 -4 11 49 36 • -1 11 44 20 0 9 11 46 34

-10 -9 11 S 7 -11 -6 11 • 10 0 -• 11 30 13 9 -1 11 24 13 6 2 11 10 36

-9 -• 11 1 2 -10 -g 11 410 $9_ -14 -3 11 72 71 9 -1 11 10 20 -14 3 11 20 22

-I -t 11 194 200 -• -6 11 34 34 -13 -3 11 21| 271 7 -1 11 291 292 -13 3 11 100 43

-7 -0 11 02 $2 -0 -$ 11 020 435 -12 -3 11 104 140 -14 0 11 107 70 -12 3 11 101 71

-6 -9 11 21 14 -7 -9 11 0 20 *11 -3 11 24 27 -13 0 12 • 15 -11 3 11 220 220

-0 -9 11 3S 27 -g -0 11 13 09 *10 -3 11 91 102 -12 0 11 $00 533 -10 3 11 23 9

-4 -3 11 110 131 -S -6 11 24 39 -3 -3 11 124 143 -11 0 11 01 92 -9 3 11 230 373

3 ,11 ,03 o2, :;1121 1.21 1,oo _1111 143 2,o _: 111 1,I 151 _ 111 835 46o-2 -9 11 68 13 11 12 - 11 160 150 11 11 633 722

-1 -0 11 05 80 -2 -6 11 241 196 -6 -3 11 _5 410 -0 0 11 14 23 -6 3 11 1280 1367

0 -0 11 878 862 -1 -6 11 0 1 °5 -3 11 424 536 -7 0 11 28 24 -6 3 11 930 874

1 -0 11 9 6 0 -6 11 1204 1220 -4 -3 11 694 744 -6 0 11 042 650 -4 3 11 159 171

2 -0 11 lg 26 1 -6 11 441 358 -3 -3 11 238 184 -5 0 11 216 215 -3 3 11 1982 1830

3 -0 11 205 320 2 -6 11 8_ 121 -2 -3 11 122 02 -4 0 11 115 204 -2 3 11 11 14

4 -9 11 515 505 3 -6 11 160 174 -1 -3 11 65 6_ -3 0 11 1770 1420 -1 3 11 362 4115,11 225 170 4-,11 153 14. 0-311 11. 131 , 011 2,1 142 0511 100 00
6 -9 11 445 428 5 6 11 061 020 I -3 11 949 1059 -1 0 11 645 551 1 3 11 154 134

? -9 11 92 76 6 -6 11 1752 1575 2 -3 11 133 107 0 0 11 163 98 2 3 11 156 03

8 -9 11 45 56 ? -6 11 257 266 3 -3 11 436 479 1 0 11 124 226 3 5 11 106 21

9 -0 11 56 60 5 -6 11 3 2 4 -3 11 1 1 2 0 11 119 101 4 3 11 25 14

-12 -8 11 18 11 9 -6 11 2 2 5 -3 11 252 207 3 0 11 475 377 5 3 11 1 3

-11 -8 11 24 27 -13 -5 11 73 75 6 -3 11 215 147 4 0 11 80 91 -13 4 11 0 !

-10 -$ 11 53 50 -12 -5 11 519 249 7 -3 11 304 303 5 0 11 85 75 -12 4 11 20 3

-9 -| 11 92 87 -11 -5 11 12 2 0 -3 11 27 13 6 0 11 51 39 -11 4 11 59 81

-10 4 11 396 403 -2 8 11 12 10 -0-11 12 185 195 -1 -0 12 20 23 1 -5 12 547 911

-9 4 11 120 168 -1 0 11 7? 62 -7-11 12 152 100 0 -0 12 33 43 2 -b 12 6 6

-8 4 11 1062 1018 -7 9 11 21 2° -6-11 12 0 3 1 -8 12 253 206 3 -8 12 100 70

-7 4 11 256 236 -g 9 11 -5 6 -5-11 12 -$ 8 2 -2 12 5 6 4 -5 12 3 !
5

-8 4 11 635 713 -5 0 11 81 73 -4-11 12 82 64 3 -8 12 19 27 5 -8 12 70
5

-5 4 11 667 840 -2-15 12 21 30 -3-11 12 8 0 4 -8 12 223 200 6 -5 12 13 19

-4 4 11 75 23 -1-15 12 -12 1 -2-11 12 321 412 8 -B 12 72 110 7 -5 12 -2 3

-5 4 11 635 838 0-15 12 25 53 -1-11 12 14 12 g -0 12 56 $0 0 -S 12 $ 17

-2 4 11 305 313 1-16 12 -3 15 0-11 12 100 15_ ? -8 12 il 75 -13 -4 12 14 13

-1 4 11 40 73 2-18 12 19 14 1-11 12 187 161 8 -S 12 14 5 -12 -4 12 278 221

0 4 11 52 27 3-16 12 56 77 2-11 12 04 09 -12 -7 12 47 57 -11 -4 12 2g2 314

1 4 11 30 31 -4-15 12 23 14 3-11 12 24 17 -11 -7 12 100 64 -10 -4 12 275 310

2 4 11 202 160 -3-15 12 64 33 4-11 12 210 104 -20 -7 12 06 70 -0 -4 12 252 232

5 4 ix e0 01 -2-15 _2 241 204 8-11 12 127 _3 -0 -7 ]2 5se 30_ _ -4 12 8 lS
18 16 -1-15 12 25 14 6-11 12 123 133 -9 -7 12 350 348 -4 12 343 4004 4 11

-13 5 11 80 46 0-15 12 96 110 7-11 12 73 45 -7 -7 12 101 137 -_ -4 12 256 261

-12 5 11 167 140 1-18 12 33 33 e-ll 12 8 0 -8 -7 12 116 111 -5 -4 12 512 586

-11 5 11 70 88 2-15 12 50 112 -10-10 12 114 106 -5 -7 12 193 150 -4 -4 12 8 29

-10 5 11 292 291 3-15 12 2 15 -9-10 12 17 2 -4 -7 )2 111 110 -3 -4 12 366 35_

-9 $ 11 8 9 4-15 12 64 _2 -8-10 12 120 116 -3 -7 12 397 274 -2 -4 12 2 2

-8 5 11 73 63 5-15 12 17 0 -7-10 12 39 27 -2 -7 12 18 25 -1 -4 12 666 695

-6 5 11 152 104 -8-14 12 83 32 -6-10 12 0 7 -1 -7 12 951 776 0 -4 12 725 763

-5 5 11 75 71 -5-14 12 1 5 -_-10 12 125 122 0 -7 12 70 83 1 -4 12 _ 7

-4 5 11 788 718 -4-14 12 119 111 -4-10 12 9 17 1 -7 12 93 06 2 -4 12 04 71

-3 5 11 $9 91 -3-14 12 -5 0 -3-10 12 224 155 2 -7 12 1 3 3 -4 12 9 0

-2 5 21 522 _03 -2-14 12 232 270 -2-10 12 00 64 3 -7 12 570 475 4 -4 12 252 200

-1 5 11 203 235 -1-14 12 -0 1 -1-10 12 98 144 4 -7 12 55 26 5 -4 12 110 99

0 5 11 74 97 0-14 12 230 257 0-10 12 0 3 5 -7 12 216 204 6 -4 12 155 181

1 5 1) 127 184 1-14 12 30 16 1-10 12 135 75 6 -7 12 888 590 _ -4 12 0 2

2 5 11 30 10 2-14 12 63 47 2-10 12 10 2 7 -7 12 ?2 93 0 -4 12 29 25

3 5 11 -8 1 3-14 12 61 67 3-10 12 655 661 | -7 12 21 31 -13 -3 12 89 85

-12 6 11 12 10 4-14 12 24 5 4-10 12 227 100 -12 -8 12 117 92 -12 -3 12 0 13

-11 6 11 23 06 5-14 12 19 3 5-10 12 233 284 -11 -6 12 46 53 -11 -3 12 lO 4

-10 8 11 75 88 6-14 12 28 5g 6-10 12 80 44 -10 -6 12 26 33 -10 -3 12 11 1

-0 8 11 72 06 -?-15 12 _6 40 7-10 12 08 115 -9 -8 12 53 32 -9 -3 12 110 92
-8 6 11 4 1 -6-13 12 55 45 6-10 12 11 10 -0 -6 12 172 110 _ -3 12 53 40
-7 8 11 10 90 -8-13 12 60 39 -11 -0 12 23 15 -7 -t 12 2410 2357 -3 12 170 122

-6 _ 11 52 57 -4-13 12 4 6 -10 -_ 12 112 114 -6 -6 12 751 805 -6 -3 12 47 60

-5 8 11 85 72 -3-13 12 23 31 -9 -0 12 53 34 -8 -_ 12 512 440 -5 -3 12 420 377

-4 8 11 125 14e -2-13 12 -3 4 -_ -3 12 54 55 -4 6 12 57_ 504 -4 -3 12 3 1
-3 6 11 16 7 -1-15 12 505 503 - -9 12 -2 3 -3 -6 12 176 142 -3 -3 12 830 777

-2 6 11 123 99 0-13 12 173 200 -6 -9 12 77 87 -2 -_ 12 14 5 -2 -3 12 40 21

-1 6 11 15 2 1-13 12 53 36 -5 -9 12 93 60 -1 -6 12 18 47 -1 -3 12 52 35
14 0 -8 12 0 1 0 -5 12 400 6 11 95 107 2-13 12 115 110 -4 -• 12 24 19

1 6 11 21 7 3-13 12 -7 3 -3 -0 12 4 1 1 -6 12 862 728 I -3 12 147 98

2 6 11 151 155 4-13 12 52 41 -2 -9 12 251 238 2 -6 12 20 60 2 -3 12 187 269

-11 7 11 279 251 5-13 12 40 20 -1 -9 12 212 163 3 -6 12 128 127 3 -3 12 1 2

-10 7 11 32 51 6-13 12 123 171 0 -9 12 -1 2 4 -6 12 13 24 4 -3 12 527 849

-9 7 11 204 234 7-13 12 20 5 1 -9 12 395 466 5 -6 12 115 122 5 -3 12 29 14

-I 7 11 5 2 -8-12 12 )42 162 2 -9 12 17 5 6 -6 12 2 16 6 -3 12 35 13

-7 7 11 562 488 -7-12 12 12 4 3 -9 12 150 121 7 -6 12 4 1 ? -3 12 36 40

-6 7 11 5 3 -6-12 12 426 359 4 -9 12 02 83 $ -6 12 80 76 -13 -2 12 7 4

-5 7 11 425 423 -5-12 12 27 27 8 -3 12 360 309 -13 -8 12 14 11 -12 -2 12 105 235

-4 7 11 0 16 -4-12 12 170 122 6 -9 12 100 146 -12 -5 12 64 84 -11 -2 12 91 71

-3 7 11 18 0 -3-12 12 214 111 7 -9 12 69 88 -11 -$ 12 59 54 -10 -2 12 2 2

-2 7 11 03 57 -2-12 12 7 2 0 -9 12 148 157 -10 -5 12 182 142 -9 -2 12 285 209

-1 ? 11 42 10 -1-12 12 53 10 -11 -8 12 7 6 -0 -8 12 61 76 -5 -2 12 66 47

0 7 11 45 39 0-12 12 43 61 -10 -8 12 3 1 -8 -8 12 727 876 -7 -2 12 346 389

-10 0 11 11 6 1-12 12 48 76 -9 -8 12 0 8 -7 -5 12 21 38 -6 -2 12 53 72

-9 0 11 42 105 2-12 12 74 45 -0 -6 12 133 90 -6 -$ 12 47 42 -5 -2 12 254 307

-8 8 11 7 25 3-12 12 441 404 -7 -0 12 497 521 -5 -5 12 202 167 -4 -2 12 62 44

-7 8 11 118 131 4-12 12 439 460 -6 -0 12 31 19 -4 -5 12 57 64 -3 -2 12 2095 1999

-6 8 11 130 150 5-12 12 22 44 -5 -8 12 190 105 -3 -_ 12 586 816 -2 -2 12 67 33
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Table C.3, continued

H g h Obe Calc N g L am ¢210 H g L _ Calc H g L _ C41© H g L (_o Calc

..................................................

-s 8 11 _7 *s 6-12 12 4 0 -4 -8 12 413 348 -2 -s 12 4ss 396 -1 -2 12 240 222
-4 m 11 37 40 ?-12 lz 113 ms -3 m 12 392 4ss -1 -s 12 938 m�? 0 -2 _2 .7 73
-3 4 11 96 94 -*-11 I: 9 13 -2 -m 12 349 447 0 -s 12 127 139 I -2 12 0) 72

2 -2 12 ?00 371 s 112 20 7 -1 s 12 0 8 -5-12 13 -3 1 ?-s 13 4 2
3 -2 12 0 0 -13 2 12 283 258 O $ 12 18 23 -4-12 13 1 28 -11 -4 13 123 114

4 -2 12 3 2 -12 2 12 20 2 1 $ 12 202 102 -3-12 13 13 2 -10 -I 13 15 S

S -2 12 32 22 -11 2 12 8 9 2 b 12 101 108 -2-12 13 19 14 -9 -8 13 221 199

8 -2 12 131 154 -10 2 12 10 27 -11 $ 12 2? 2• -1-12 13 48 20 -8 -4 13 2 0

7 -2 12 ?| 89 -9 2 12 250 232 -10 8 12 183 195 0-12 12 34 28 -7 -8 13 182 97

-14 -1 12 3 19 -8 2 12 284 2?8 -9 $ 12 81 44 1-12 13 24 38 -• -8 13 981 311

-11 -1 12 94 98 -? 2 12 $? 49 -8 • 12 51 103 2-12 13 21 11 -$ -8 13 343 294

-12 -1 12 0 • -• 2 12 89 49 -7 • 12 0 0 3-12 13 26 12 -4 -• 13 4•0 931

-11 -1 12 284 238 -S 2 12 181 193 -• • 12 348 348 4-12 13 14 18 -3 -8 13 112 148

-10 -1 12 4 0 -4 2 12 1834 1$41 -S • 12 98 48 S-12 13 17 $ -2 -4 13 444 485

-9 -1 12 489 493 -3 2 12 847 781 -4 • 12 283 209 •-12 13 44 3• -1 -8 13 103 •2

-8 -1 12 82 82 -2 2 12 859 773 -3 • 12 17 83 7-12 13 10 2 0 -0 13 38 32

-9 -1 12 298 273 -1 2 12 319 497 -2 • 12 114 120 -9-11 13 14 15 1 -8 13 104 102

-• -1 12 521 488 0 2 12 29• 214 -1 6 12 33 S -9-11 13 22 1 2 -8 13 209 245

-S -1 12 1178 1003 1 2 12 11 0 0 • 12 495 147 -1-11 13 9S 84 3 -8 13 41 24

-4 -1 12 49 48 2 2 12 48 39 -10 7 12 181 123 -8-11 13 35 36 4 -8 13 32 82

-3 -1 12 384 349 3 2 12 $6 12 -9 ? 12 48 83 -3-11 13 130 180 S -8 13 31 18

-2 -1 12 171 187 4 2 12 32 49 -7 ? 12 15 ? -4-11 13 04 0 • -8 13 135 148

-1 -1 12 12 19 S 2 12 5 24 -3 9 12 -3 l• -3-11 13 38 SO 7 -8 13 13 1

0 -1 12 832 738 -13 3 12 34 49 -4 ? 12 ? O -2-11 13 187 106 -12 -7 13 0 12

1 -1 12 $ 1 -12 $ 12 12 1 -3 ? 12 32 31 -1-11 12 12 1 -11 -7 13 132 121

2 -1 12 215 109 -11 3 12 239 2S8 -2 ? 12 182 0 0-11 13 23 9 -10 -7 13 23 2

3 -1 12 13 14 -10 3 12 92 lSl -7 8 12 -4 1 1-11 13 33 31 -9 -7 13 92 39

4 -1 12 3S0 346 -9 3 12 321 924 -S 8 12 ? 24 2-11 13 33S 345 -0 -? 13 811 530

S -1 12 47 19 -8 3 12 104 91 -1-19 13 120 143 3-11 13 34 69 -7 -7 13 281 2?4

S -1 12 33 20 -? 3 12 1172 996 0-16 13 1 1 4-11 13 31 17 -4 -? 13 49 109

-14 0 12 -5 3 -8 3 12 107 65 1-16 13 92 37 b-ll 13 206 213 -$ -7 13 26 42

-13 0 12 58 46 -$ 3 12 1590 1841 -4-15 13 9 5 •-11 13 49 40 -4 -7 13 18 14

-12 0 12 4 17 -4 3 12 126 131 -3-15 13 10 2 ?-11 13 3 0 -3 -7 13 233 220

-ll 0 12 -4 ? -3 3 12 188 81 -2-15 13 42 31 -10-10 13 11 3 -2 -? 13 83 81

-10 0 12 -2 3 -2 3 12 180 110 -1-19 13 114 96 -9-10 13 181 162 -1 -7 13 106 85

-9 0 12 160 165 -1 3 12 $2 3? 0-15 13 15 9 -8-10 13 29 29 0 -? 13 @75 839

-8 0 12 5 0 0 3 12 57 32 1-15 13 35 34 -7-10 13 136 109 1 -? 13 141 142

-7 0 12 124 ?5 1 3 12 76 60 2-15 13 0 1 -4-10 13 254 147 2 -? 13 83 ?0

-• 0 12 199 281 2 3 12 llb 107 3-15 13 41 95 -5-10 13 13 1 3 -? 13 86 81

-5 0 12 55 28 3 3 12 -2 5 4-15 13 8 11 -4-10 13 17 21 4 -? 13 709 627

-4 0 12 733 915 4 3 22 196 162 -6-14 13 b 19 -3-10 13 56 72 5 -? 13 31 72

-3 0 12 1417 1334 -13 4 12 66 ?9 -5-14 13 -4 0 -2-10 13 5 3 6 -? 13 4 1

-2 0 12 744 694 -12 4 12 28 33 -4-14 13 16 20 -1-10 13 4 19 7 *? 13 1 6

-1 0 12 72 91 -11 4 12 21 21 -3-14 13 214 241 0-10 13 44 52 -12 -6 13 4 0

o 0 12 1173 920 -10 4 12 75 53 -2-14 13 -2 4 1-10 13 215 210 -11 -6 13 82 • 6
1 0 12 68 43 -S 4 12 89 73 -1-14 13 84 94 2-10 13 0 2 -10 -6 13 149 193

0 12 220 183 -8 4 12 11 4 0-14 13 13 1 3-10 13 82 63 -9 -6 13 1032 1054
0 12 32 14 -? 4 12 64 69 1-14 13 36 52 4-10 13 151 142 -8 -6 13 116 92

4 0 12 S 1 -6 4 12 16 18 2-14 13 23 17 5-10 13 121 131 -? -8 13 73 48

b 0 12 02 77 -5 4 12 96 108 3-14 13 26 20 6-10 13 215 188 -6 -6 13 30 23

6 0 12 49 52 -4 4 12 167 94 4-14 13 17 16 ?-10 13 12 1 -5 -8 13 514 491

-13 1 12 24 25 -3 4 12 638 947 5-14 13 181 184 -11 -9 15 25 26 -4 -6 13 412 350

-12 1 12 1 0 -2 4 12 120 141 -7-15 13 40 42 -10 -9 13 11 2 -3 -6 13 323 322

-11 1 12 305 434 -1 4 12 14 48 -6-13 13 4 i -9 -9 13 49 38 -2 -6 13 17 13

-10 1 12 5 1 0 4 12 162 222 -5-13 13 156 191 -0 -9 13 217 200 -1 -8 13 128 65

-9 1 12 180 201 1 4 12 29 11 -4-13 13 132 115 -7 -9 13 17 26 0 -8 13 8 2

-8 1 12 280 25? 2 4 12 4? 94 -3-13 13 399 381 -8 -9 13 8 39 1 -6 13 4 0

-? 1 12 2443 2254 3 4 12 14 10 -2-13 13 13 16 -5 -9 13 36 35 2 -6 13 8 1

-6 1 12 140 162 -12 5 12 13 29 -1-13 13 39 15 -4 -9 13 8 19 3 -8 13 180 110

-5 ] 12 1920 1792 -11 5 12 139 142 0-13 13 53 22 -3 -9 13 168 211 4 o6 13 91 104

-4 I 12 1731 2055 -10 S 12 75 67 1-13 13 -4 2 -2 -9 13 120 103 S -6 13 •4 44

-3 1 12 676 801 -9 5 12 129 149 2-13 13 12 9 -1 -9 13 319 330 • -6 13 119 94

-2 I 12 1275 1023 -8 5 12 40 22 3-13 13 89 96 O -9 13 343 344 ? -6 13 37 32

-1 I 12 112 158 -? 5 12 1 16 4-13 13 8? 105 I -9 13 64 36 -12 -5 13 14 12

0 1 12 365 330 -6 5 12 15 10 5-13 13 43 38 2 -9 13 127 128 -11 -5 13 239 243

1 1 12 148 120 -5 5 12 25 0 6-13 13 80 54 3 -9 13 28 34 -10 -5 13 6 10

2 1 12 193 197 -4 5 12 61 54 -8-12 13 12 6 4 -9 13 239 199 -9 -5 13 84 49

3 1 12 2 24 -3 5 12 34 33 -?-12 13 39 46 S -9 13 189 177 -$ -5 13 128 112

4 1 12 0 5 -2 5 12 5 1 -6-12 13 14 18 • -9 13 60 39 -7 -5 13 123 144

-6 -S 13 949 748 -2 -2 13 396 408 -12 2 13 74 60 -8 ? 13 ? 10 -5-10 14 12 6

-5 -5 13 255 225 -1 -2 13 218 186 -11 2 13 1 ? -5 ? 13 126 121 -4-10 14 37 65
-4 -5 13 501 499 0 -2 13 5?3 555 -10 2 13 466 440 -3-1S 14 2 6 -3-10 14 66 107

-3 -5 13 1054 863 1 -2 13 4 2 -9 2 13 8 7 -2-13 14 lle 113 -2-10 14 142 136

-2 -5 13 827 905 2 -2 13 57 45 -8 2 13 210 233 -1-15 14 53 27 -1-10 14 224 206

-1 -5 13 9 ? 3 -2 13 143 124 -7 2 13 3 1 0-15 14 ?2 78 0-10 14 15 31

0 -5 13 419 440 4 -2 13 11 9 -8 2 13 190 200 1-15 14 9 5 1-1O 14 252 298

1 -5 13 102 88 5 -2 13 93 105 -5 2 1] 121 125 2-15 14 76 92 2-10 14 10 4

2 -5 13 257 226 6 -2 13 10 6 -4 2 13 235 189 -5-14 14 89 88 3-10 14 266 254

3 -5 13 3 ? -13 -1 13 42 56 -3 2 13 69 49 -4-14 14 0 0 4-10 14 105 112

4 -5 13 0 9 -12 -1 13 7 21 -2 2 13 139 176 -3-14 14 14 10 3-10 14 0 1

5 -5 13 231 175 -11 -1 13 3 10 -1 2 13 45 35 -2-14 14 46 44 6-10 14 -1 1

6 -5 13 2 10 -10 -1 13 14 5 0 2 13 68 93 -1-14 14 36 29 -10 -9 14 37 56

7 -5 13 19 29 -9 -1 13 65 54 1 2 13 93 89 0-14 14 22 25 -9 -9 14 70 77

-13 -4 13 44 31 -8 -1 13 390 335 2 2 13 17 4 1-14 14 14 2 -8 -9 14 177 166

-12 -4 13 26 23 -7 -1 13 568 441 3 2 13 99 67 2-14 14 16 ? -? -9 14 57 24

-11 -4 13 . S -6 -1 13 5 2 -12 3 13 176 174 3-14 14 11 3 -6 -9 14 1227 1234

-10 -4 13 7 10 -S -1 13 347 358 -11 3 13 25 30 4-14 14 26 42 -5 -9 14 40 36

-9 -4 13 90 114 -4 -1 13 1763 1699 -Io 3 13 22 37 -7-_3 14 6 5 -4 -9 14 463 351
-8 -4 13 167 159 -3 -1 13 206 165 -9 3 13 20 6 -6-13 14 19 • -3 -9 14 82 118

-7 -4 13 20 37 -2 -1 13 164 174 -9 3 13 166 174 -5-13 14 102 63 -2 -9 14 64 55

-6 -4 13 3 2 -1 -1 13 181 160 -? 3 13 15 20 -4-13 14 0 2 -1 -9 14 9 5

-5 -4 13 335 310 0 -1 13 ?9 72 -6 3 13 30 43 -3-13 14 62 90 0 -9 14 540 586

-4 -4 13 166 183 I -1 13 506 611 -5 3 13 9 12 -2-13 14 172 132 1 -9 14 29 40

-3 -4 13 31 30 2 -1 13 150 174 -4 3 13 560 522 -1-13 14 • 1 2 -9 14 130 103

-2 -4 13 12 27 3 -1 13 193 112 -3 3 13 6 1 0-13 14 24 14 3 -9 14 34 39

-1 -4 13 27 32 4 -1 13 144 107 -2 3 13 206 190 1-13 14 85 ?2 4 -8 14 -4 0

0 -4 13 293 174 b -1 13 90 •7 -1 3 13 56 37 2-13 14 102 130 b -9 14 131 110

1 -4 13 2 0 -13 0 13 -1 1 0 3 13 17 17 3-13 14 44 22 6 -9 14 25 3

2 -4 13 6 10 -12 0 13 101 120 1 3 13 123 94 4-13 14 20 17 -11 -8 14 2 3

3 -4 13 5 3 -11 0 13 106 99 2 3 13 0 1 5-13 14 -2 1 -10 -8 14 120 11 ?
4 -4 13 -3 2 -10 0 13 104 110 -12 4 13 110 176 -8-12 14 9 1 -9 -8 14 8 16

5 -4 13 62 95 -9 0 13 5) 49 -11 4 13 -1 0 -7-12 14 76 96 -5 -8 14 212 212

6 -4 13 12 9 -0 0 13 687 718 -10 4 13 218 237 -6-12 14 42 19 -7 -8 14 271 156
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Table C.3, continued

H K L Cl_ Calc H K L _ C41c H K L Cl_ C410 H K L Clbs C41c H K L Gk3s Calc

? -4 13 ?1 09 _? 0 _ 425 339 - 4 13 204 219 °5_12 14 273 203 4 0 14 141 110
-13 °3 13 117 130 _6 0 _3 _109 1_0 -0 6 _3 14 $ _4-12 14 240 210 -_ -0 14 -2 9

-22 -3 13 ? 0 -_ 0 13 1942 2554 _ 4 25 $ 0 _3-12 14 24 26 -4 _0 14 2S? z_g
-1_ -3 13 161 005 _4 0 1_ 1949 1264 -3 4 13 20 6 -2-22 14 9 9 -3 _9 14 0 0
-10 -3 13 -3 1 -3 0 15 2401 1464 -4 4 13 1$ 30 _1-12 10 9? i_ -2 -0 19 203 102

_$ -3 13 1?3 242 _ 0 _ 016 0_9 -_ 4 1_ 01 72 0_1_ 16 0 1 -1 _0 _4 _01 _49
-0 -_ _3 _ _1 -1 0 1_ 3 20 _ 4 _3 _ 103 _ _4 2_? _32 • -6 14 6

-? _ 13 _$1 2?6 0 0 _ 99_ 0?0 _1 4 _ 146 10_ _-_ 10 _1 _4 _ _0 14 _ 69
_ -3 _3 166 1_9 1 0 _ 4_ 34? 0 4 _$ _ 4 3_ 16 S6 _1 _ _0 19 11 _3
-_ -3 1_ 1_93 1049 _ 0 _ 106 19_ 2 4 1_ 04 _2 4_2 14 _44 126 • -0 24 _1? 1_0

_9 -_ 1_ _6_0 _12 _ 0 _ 2S _$ _11 $ _ 1 _4 _-12 10 4 ? 4 -0 14 _ $
-3 -_ 1_ 93 _4_ 9 0 13 1_9 14? _0 _ 13 _$4 12_ _12 _4 3 4 _ _0 14 1? 22

_2 -_ _$ 4_ _92 _ 0 1_ _2 _3 °0 _ _ 10 4 -0-1_ 14 9_ _? • -4 10 _3 09
-1 -_ 15 1_0 1_0 -13 1 13 _1_ 1_2 -0 _ 1_ 114 _ -0_11 14 _66 2_6 -11 -? 14 4 11

0 -3 13 3_ 300 _12 1 13 _9 206 -? 0 1_ _ 10 -?-11 14 44 23 -_0 _? 14 _ 46
1 _ 13 _ _4 60 _11 1 13 _3 ?? _6 3 15 131 2?0 °_-11 14 60_ 490 _9 -? 16 _

• _ -_ 1$ _ 2 -10 1 1_ ?0 02 °_ _ _ _0 132 -_-11 14 1?_ _3_ _0 _? 14 _ 2_2
$ -3 1_ -_ • -_ 1 15 1_4 123 _4 $ 1_ 0 0 -9-1_ 10 1_ _ -? -? 14 _2 _00

4 -_ 1_ 11 21 -0 _ 1_ ? 4 °_ _ 1_ 1_0 146 -_-1_ 14 4_ _4 -_ _ 14 _26 10_
3 _3 1_ 10_ _2 -? _ 23 _9 _8 °_ _ 1_ -3 0 -_-11 14 _? 36 -_ _ 14 _0_ _90

4 -3 13 6 _ -6 1 _ $9 100 -1 3 _ _6 2$_ -_-11 14 _6 1_ _4 -? 16 _73 _?_

-1_ -_ 13 1? 21 -S 1 1_ _ _ 0 $ _$ -1_ 3 0-11 14 0 2 _ _? 14 _ 1_
-12 -2 _3 _9 ?2 -4 1 _3 00 111 -10 0 _$ ?0 _01 1-21 14 _ _ -2 -_ 14 24_ 144

-11 -2 1_ 34 _9 -_ 1 _ 119 1_4 _9 4 _3 16_ 190 _11 14 _0 24 -1 _? 14 _9 2$

-10 -2 _ _ _ _2 1 _3 _01 9_4 °0 4 1$ 4_ ?_ _-11 16 ?0 _9 0 -? 14 _66 _0_ -_ 15 ? 1 -_ 1 13 ? • -? 6 23 _1 2?6 4-11 14 _ 1 _ -? 14 2 2
-0 -2 13 $_ 305 0 1 13 166 1_2 -6 6 13 4_ _6 0°11 14 2_2 140 2 _? 14 61 _1
-? -_ 15 3 2 _ 1 _ 4 12 -_ 6 13 ?4 6? _-_ 14 4_ 62 3 -? 16 14 13

_6 -2 1_ 913 ?90 _ 1 1_ 19_ 16_ -4 6 13 04 1_ -_-10 14 _ _9 0 -? _9 0$ _06
_ -2 13 149_ 1_ _ 1 1_ ?6 4_ -3 6 13 -1_ 1 -0-10 14 10 6 _ -? 14 _0 4?

-4 -2 13 1614 1?25 4 1 1_ 110 9 _ 4 13 1_ 13 _?-10 14 16 11 _ -? 14 40 44

-_ -2 13 _49 _70 -1_ _ _ _3 1 -? ? 1_ 4_ _ _-10 14 00 01 -12 -_ 14 6_ 0_
-11 _6 14 1_ 1_ -2 -3 14 _ 2_ -0 1 14 39 ?4 _2-15 1_ 1_0 110 -0 -6 13 40 4_

10 614 4 4? I 14 350 336_ _14 _ 11. 1 19 . 12 2
-9 -6 14 24 34 0 -3 14 21 36 14 1 10 0-1_ IS 11 0 -6 -0 1S 312 481
-0 -6 14 172 130 1 -3 14 191 190 -3 I 14 -1 3 1-13 13 10 13 -S -8 1S 1405 1445
? -5 14 276 303 2 -3 14 82 60 -2 1 14 67 62 2-13 13 S 11 -4 -0 1S 335 444

-6 6 14 1672 1544 3 -3 14 37 16 -1 1 14 197 130 3-13 lb 31 1? -3 6 15 406 419
3 6 14 170 173 4 -3 14 02 49 0 1 14 03 ?6 4-13 1S 15 10 -2 -0 1S 06 129

-4 -6 14 913 923 S 3 14 30 24 1 1 14 117 49 -?-12 15 25 45 -3 8 15 2?2 288
3 6 14 ?22 507 -13 -2 14 22 25 2 1 14 120 100 -6-12 15 6 1 0 -8 15 32 22

2-614 '8 93-12-214 4 2 :314 : 18 -5-121b 3 2 1-013 121 '?
-1 6 14 567 476 -11 2 14 0 1 -1 14 21 275 -412 15 131 238 2 9 15 lb 5

0 6 14 138 112 -30 -2 14 12 ? 11 2 14 101 03 -3-12 16 318 579 3 -9 15 _ 4
1 -E 14 714 709 9 -2 14 18 15 -10 2 14 ?9 123 "2-12 13 90 9? 4 -4 15 2
2 6 14 37 39 4 -2 14 6 1 9 2 14 236 190 -1-12 15 180 210 S -4 15 22 3?

3 -g 14 0 16 -7 -2 14 194 197 -0 2 14 1 l 0-12 13 ?8 ?9 -11 -? 1S -2 1
4 6 14 9 42 -6 -2 14 741 ?06 -? 2 14 090 929 1-12 15 l$fi 114 -10 -7 13 14 11

3 6 14 _ 17 -S 2 14 1662 1395 -E 2 14 21 10 2-12 13 36 24 -9 -7 13 -3 24 -6 14 16 -4 2 14 -2 ) -3 2 14 12 13 )-12 13 35 39 -0 -7 13 11 S

12 3 14 31 2? 2 2 14 ?2 30 -4 2 14 4? 35 4-12 1S 12 0 7 -7 15 1647 1618

-11 5 14 5 4 -1 2 14 ?S 101 -3 2 14 29 37 -0-11 13 _ 0 6 7 13 -1 0
10 5 14 200 18b 0 2 14 34 24 -2 2 14 63 2_ ?-11 15 11 S -7 13 732 567

9 -b 14 b 5 1 -2 14 271 274 1 2 14 0 -611 15 642 4?6 -4 -7 16 190 194

. 514 271 290 :_:14 11 4? 0:14 123 36 5.15 33 36 3 715 11 ,? -b 14 235 179 14 378 353 1 14 19 ? 4-11 IS 22 39 -2 -? lb 112 40
6 b 14 40 35 4 -2 14 1S 42 2 2 14 71 64 -3-11 16 9 9 -1 -? 13 44 34

-S -5 14 44 28 5 -2 14 27 55 -11 3 14 424 4?4 -2-11 15 100 74 0 -7 15 42 64
-4 -5 14 9? 160 -13 1 14 14 6 -10 3 14 21 24 -1-11 15 18 ? I -7 15 9 0

3 3 14 4 16 12 1 14 14b 169 9 3 14 03 61 011 15 4? b0 2 7 15 43 20
2 S 14 11 5 -11 -1 14 1 ? -4 3 14 151 130 1-11 15 22 32 3 -7 15 94 73

1 -3 14 450 461 -13 -1 14 81 127 -? _ 14 _ 2 2-11 15 34 45 4 -7 1S 242 215

0 -b 14 9 _ -1 14 63 4_ -6 14 3 56 3-11 15 67 69 5 -7 15 1 7
1 -b 14 2 -8 -1 14 199 222 -b 3 14 _ 2 4-11 15 4 2 -11 -6 15 200 229
2 -5 14 110 113 -7 -1 14 103 40 -4 3 14 1 15 3-11 IS 63 53 -10 -6 13 03 74

3 5 14 35 331 6 -3 14 91 64 -3 3 14 110 92 -9-10 15 27 b$ 9 -6 13 355 350
4 b 14 3 3 -3 -1 14 703 495 -2 3 14 134 191 -8-10 15 227 242 8 -6 15 46 83

173 -? -6 15 165 114

-5 14 24 33 -4 -1 14 1133 1239 -1 3 14 26 41 -?-10 15 1643 14 1 3 -3 -1 14 33 74 0 3 14 07 94 -6-10 IS 144 135 -6 -6 13 79 61

12 -4 14 61 78 2 -1 14 72 69 1 3 14 17 9 -5-10 1S S?I 571 -5 -6 13 1017 995
-11 -4 14 76 74 -1 -1 14 1040 1100 -10 4 14 10 6 -4-10 13 34 35 -4 -6 1S 33 48 -
-10 -4 14 164 200 0 -114 46 41 -9 4 14 199 243 -3-1015 649 738 -3 -6 15 012 6?9

-9-414 263 23; _:_14 466 _2, -_ 414 _ 0 -2-1015 _ 0 -2615 23 10-9 -4 14 10 14 25 21 - 4 14 17 263 -1-10 lb 98 900 -1 -6 1S 244 212
-7 -4 14 150 138 3 -1 14 171 105 -6 4 14 ? 1 010 15 14 ? 0 -6 15 16 14

-6 -4 14 202? 1900 4 1 14 104 04 -3 4 14 209 212 110 15 264 200 1 -6 15 19 24
b 4 14 2068 24?2 -12 0 14 40 53 -4 4 14 43 34 2-10 15 17 14 2 -4 15 14 15

-4 4 14 2018 1715 -11 0 14 34 32 -3 4 14 50 34 3-1015 4? 53 3 -6 IS 24 20

-3 4 14 775 797 -10 0 14 99 102 2 4 14 52 71 4-10 15 49 $3 4 -6 15 9 18

-2 -4 14 102 63 -9 0 14 962 932 -1 4 14 36 44 5-10 13 7 3 5 -6 15 _ 0
1 4 14 3 11 -0 0 14 363 290 -9 3 14 40 49 -10 9 15 30 56 11 -3 15 S 66

0 -4 14 13 9 -? 0 14 ?89 732 -6 S 14 ?4 62 -9 -9 1S 0 0 -10 -3 1S 26 9

1 -4 14 19 39 -6 0 14 17 42 -7 3 14 61 74 -_ -9 13 1 1 -9 -5 15 9219 27 -3 0 14 84 32 6 3 14 173 174 -9 1S 130 91 -0 -S 15 30 232 -4 14

3 -4 14 02 99 -4 0 14 16 11 -$ 3 14 134 11_ -6 -9 16 4 3 -7 -S 15 539 473

4 -4 14 9 Is -_ o 14 _ 20 -4 s 14 12 -s -0 13 ?2 63 -6 -s 15 20 95 -4 14 40 46 - 0 14 20 223 -3 S 14 37 45 -4 -9 15 4 2 -5 -S 15 550 309

6 -4 14 74 96 -1 0 14 191 100 -4-14 13 3 7 -3 -9 15 89 34 -4 -3 IS 2065 2169
12 -3 14 4? 31 0 0 14 379 284 -3-14 13 27 28 2 -9 15 9? 91 -3 3 15 9 1

11 -3 14 19 14 1 0 14 189 165 -214 1S 13 14 -1 -9 15 ? 2 -2 _ 15 60 69
-10 3 14 29 6 2 0 14 77 56 -1-14 15 b 1 0 -9 15 6 2 1 15 34 30

-9 -3 14 196 193 3 0 14 34 43 0-14 IS 6 1 I -9 15 34 31 0 b 15 264 184

-9314 195 209-12 114 117 99 11435 29 22 2-915 12' 147 1-525 195 1?3

-7-31435 16-11114'75421413-4 _:-9158073_5155?

_6-314 70? ,10 -_: 319 24 12 _6_1315121 12 :315 35 3? -_1, _ ,-S 3 14 351 396 14 120 151 -5-13 15 58 91 3 15 113 104 4 5 15 16 155
4 3 14 200 226 -8 I 34 33 57 -413 15 605 ?S? -10 -8 1S 30 46 5 -5 15 2? 26

-3-314340 293-,_14 12 : -3-131546 23 ::-913102 .?-.-415 29 1511 4 15 67 95 -31 15 449 46 -512 16 420 450 -? 16 87 90 0 -3 16 O ?0

10 4 15 6 0 -10 0 15 -4 1 -412 16 b 9 -4 -7 16 631 654 1 -3 16 13 2
-9 -4 lb 340 287 -9 0 15 0 2 -3-12 16 161 109 -3 -? 16 -6 0 2 -3 16 14 23

-0 -4 13 6 1 _ O 13 93 72 -2-12 16 20 8 -2 -? 16 399 413 -11 -2 16 26 31? -4 15 83 66 0 15 409 346 112 16 20 0 -1 -7 16 2 0 -10 -2 16 174 199



189

Table C.3, continued

H K L 01_ Cm1¢ H K L Obe C_I¢ N K _ 01_ Calc H X L _ C.IkX¢ H K L Oloe Ca1¢

................................................. _

g -4 2S 2?8 2?| 6 0 15 S S 0-12 16 -4 0 0 -7 1• 178 222 9 -2 16 44 49

-S -4 1S 32 11 -S 0 15 126 85 1-12 16 19 ? I -7 16 I 30 -| -2 1• 370 312

-• -4 1S 195 140 -4 0 15 1 1 2-12 14 •0 39 2 -7 16 196 191 -? -2 16 202 204

-3 -4 15 12 35 -3 0 15 ?a S? 3-12 16 2 1 3 -7 1_ 16 20 -• -2 16 26 30

-2 -4 15 72 33 -2 0 1S 36 52 -?-11 16 S3 79 4 -7 16 9 S -S -Z 16 111 121

-1 -4 1S 3?4 268 -1 0 1S 21 0 -•-11 14 IS 3 -10 -6 16 0 1 -4 -2 16 22 28

0 -4 1S 121 109 0 0 15 lg 1 -5-11 16 332 316 -9 -• 16 39 69 -3 -2 16 2e 33

I -4 15 2 b 1 0 15 0 1 -4-11 16 102 115 -I -0 16 -• 2 -2 -2 16 41 25

2 -4 15 e 9 2 0 15 14 16 -3-11 16 20 29 -? -• li ?9 69 -1 -2 16 26 29

3 -4 15 • g -11 ] 15 206 222 -2-11 16 S13 469 -• -• 16 415 S01 0 -2 16 40 24

4 -4 15 18 15 -10 I 15 76 70 -1-11 16 93 73 -S -6 16 126 125 I -2 16 57 42

-12 -3 15 47 S3 -9 1 15 242 245 0-11 16 292 335 -4 -• 16 161 146 2 -2 ]i I 9

-11 -3 15 17 10 -• 1 lS 423 350 1-11 16 72 91 -3 -• 16 9 0 -11 -2 16 14 10

-10 -3 15 S 3 -? I 15 7 13 2-11 16 45 26 -2 -• 16 ? 12 -10 -1 16 233 225

-9 -3 15 11 0 -• I 15 357 309 3-11 16 14 32 -1 -i 16 H 138 -9 -1 16 5 1

-I -3 15 27 36 -S I 15 32 36 -1-10 16 44 67 0 -• 1| 20 24 -I -1 16 215 106

-7 -3 15 95 96 -4 1 1S 3 15 -7-10 16 79 87 1 -• lg 193 201 -? -1 lg 0 2

-6 -3 15 141 122 -3 1 15 11 16 -•-10 14 62 43 2 -• 16 69 114 -• -1 16 207 239

-S -3 15 57 63 -2 I 15 165 145 -5-10 16 155 133 3 -• 26 102 |1 -S -1 16 224 21?

-4 -3 15 695 •29 -1 I 15 21 9 -4-10 16 169 179 4 -6 18 7 0 -4 -1 16 00 69

-3 -3 15 S 3 0 I 15 35 13 -3-10 1S 6? 46 -11 -$ 16 3• 53 -3 -1 16 2?0 246

-2 -3 15 279 314 1 1 15 109 96 -2-10 15 14 24 -10 -• 16 156 143 -2 -1 56 13 22

-1 -3 15 24 34 -11 2 15 13 14 -1-10 16 2 2 -9 -3 16 ?? 61 -1 -1 16 le 16

0 -3 15 131 142 -10 2 15 2•3 269 0-10 16 -1 1 -9 -3 16 303 339 0 -1 16 229 101

1 -3 15 34 40 -8 2 15 68 95 1-10 16 35 51 -7 -5 16 66 33 1 -1 16 21 12

2 -3 15 964 941 -4 2 15 44 79 2-20 16 16 9 -• -$ 16 22 24 -10 • 10 250 216

3 -3 15 55 65 -? 2 15 19 14 3-10 16 11 15 -S -S 16 527 4?3 -9 0 16 32 49

4 -3 15 202 199 -6 2 15 62 96 4-10 16 26 26 -4 -3 16 123 SO -2 0 16 231 249

-12 -2 15 24 9 -5 2 15 21 65 -9 -9 16 -S 1 -3 -3 16 51 ?2 -? 0 16 33 55

-11 -2 15 114 101 -4 2 15 2? 21 -8 -9 16 51 20 -2 -$ 18 155 184 -8 0 16 120 143

-10 -2 15 3 2 -3 2 15 71 51 -? -9 16 221 222 -1 -5 16 30 39 -S 0 16 35 26-,-215 221 187 -2 215 38 32 -,.,18 141 145 0-516 5 , -8 016 . ,
-8 -2 15 24 9 -1 2 15 36 50 -5 -9 16 211 261 1 -S 18 22 • -3 0 16 126 102

-? -2 15 6?4 554 0 2 15 4 8 -4 -9 18 264 271 2 -S 16 43 199 -2 0 26 4 4

-6 -2 15 13 13 -10 3 15 113 163 -3 -9 16 S ? 3 -S 18 2? 39 -1 0 II 94 164

-S -2 15 29 46 -9 3 15 3 1 -2 -9 16 •56 612 -11 -4 16 179 159 0 0 16 1S8 165

-4 -2 15 76 69 -8 3 15 195 154 -1 -9 18 6 4 -10 -4 18 93 65 -10 I 15 46 50

-3-215 28 23 -? 3 15 1 ? o-g 1' 402 379 -9 -4 18 '2 40 -9 1 1' 30 31

-2 -2 15 42 54 -6 3 15 248 292 1 -9 15 2 S -8 -4 16 3 1 -e I 18 71 110

-1 -2 15 18 • -s 3 15 -2 3 2 -9 16 25 37 -? -4 16 275 28? -7 I 18 239 160

0 -2 15 174 164 -4 3 15 141 139 3 -9 16 2 0 -6 -4 16 75 45 -• 1 18 53 43

1 -2 15 0 1 -3 3 15 15 1 4 -8 18 44 34 -5 -4 18 2? 7 -S 1 1• 122 165

2 -2 15 ?0 104 -2 3 15 320 176 -10 -6 18 -1 2 -4 -4 16 52 27 -4 1 16 112 •3

3 -2 15 11 14 -1 3 15 43 44 -9 -8 16 338 384 -3 -4 18 30 28 -3 I 16 37 38

-12 -1 15 -$ 1 -8 4 15 83 88 -8 -8 16 50 55 -2 -4 18 ?2 101 -2 1 16 28 35

-11 -1 15 138 114 -7 4 15 37 36 -7 -8 16 80 69 -1 -4 18 47 51 -1 I 16 39 20

-10 -1 15 80 108 -6 4 15 58 ?0 -8 -8 18 838 •44 0 -4 16 94 ?? -9 2 18 122 106

-9 -1 15 204 239 -5 4 15 41 19 -5 -8 16 2 1 I -4 16 118 195 -8 2 1• 35 23

-8 -1 15 283 380 -4 4 15 55 48 -4 -5 18 383 422 2 -4 16 5 2 -? 2 16 19 19

-? -1 15 5 9 -2-14 16 16 20 -3 -8 18 29 9 3 -4 16 169 196 -6 2 16 14 8

-6 -1 15 361 291 -1-14 16 120 129 -2 -8 16 9 14 -11 -3 16 ? 3 -S 2 18 180 131

-5 -1 15 245 269 0-14 16 29 42 -1 -8 16 58 35 110 -3 16 2?2 247 -4 2 16 0 0

-4 -1 15 33 19 -5-13 16 6 4 0 -8 16 2 1 -9 -3 18 ? S -3 2 16 122 124

-3 -1 15 28 28 -4-13 16 8 3 1 -8 16 16 30 -5 -3 18 328 313 -5-12 17 ? 8

-2 -1 15 3 10 -3-13 16 9 6 2 -8 15 0 1 -7 -3 18 2?8 234 -4-12 1? 32 35

-1 -1 15 41 48 -2-13 16 196 215 4 -8 16 38 30 -• -3 16 65 37 -3-12 17 14 30
0

-1 15 132 119 -1-13 16 18 9 -10 -7 16 ?4 72 -5 -3 18 461 49? -2-12 1? 245 243

1 -1 15 12 47 0-13 15 256 281 -9 -? 18 2 1 -4 -3 16 130 135 -1-12 17 40 47

-1 15 165 166 1-13 16 20? 233 -8 -? 16 107 106 -3 -3 18 47 61 0-12 17 ? 3
-1 15 51 68 2-13 16 103 119 -? -? 16 5 11 -2 -3 16 195 20? 1-12 17 34 34

-12 0 15 51 S? -5-12 16 -4 0 -6 -? 16 216 ]73 -1 -3 16 264 235 -6-11 17 245 286

-5-11 17 18 31 -8 -S 17 2 1 -1-10 18 10 6

-4-11 17 58 10] -? -5 17 139 114 -6 -9 18 25 22

-3-11 17 15 9 -6 -5 17 -4 4 -S -9 18 40 36

-2-11 17 21 1$ -5 -5 17 12 15 -4 -9 15 14 10

-1-11 17 88 59 -4 -S 17 12 11 -3 -9 la 20 13

0-11 17 47 42 -3 -5 17 361 329 -2 -9 18 9 13

1-11 17 16 10 -2 -5 17 9 2 -1 -9 18 128 97

-?-10 17 19 • -1 -S 17 2?2 256 0 -9 18 17 6

-8-10 17 2?4 30? 0 -5 17 0 ] -? -8 18 3 ?

-5-10 17 124 79 2 -5 17 g 2 -8 -8 16 38 2?

-4-10 17 10 3 -10 -4 17 ?9 74 -S -8 16 13 3

-3-10 17 103 ?5 -9 -4 17 175 172 -4 -8 16 10 19

-2-10 17 11 3 -5 -4 17 259 214 -3 -8 18 114 105

-1-10 17 ? 5 -7 -4 17 80 114 -2 -5 15 53 64

0-10 17 ? ? -6 -4 17 40 38 -1 -Blg 0 2

1-10 17 24 13 -5 -4 17 12 9 0 -5 18 151 176

2-10 17 2 5 -4 -4 17 45 35 -8 -? 18 20 0

-8 -9 17 33 25 -3 -4 17 221 203 -? -7 18 45 ?4

-7 -9 17 400 413 -2 -4 17 90 143 -6 -7 18 10 3

-6 -9 17 71 76 -1 -4 17 95 62 -S -? 18 30 23

-5 -s 17 472 836 0 -4 17 154 179 -4 -? 18 ? 19
-4 -9 17 33 49 ) -4 17 75 105 -3 -? 15 22 13

-3 -9 17 13 5 -10 -3 17 56 38 -2 -? 18 102 101

-2 -9 17 316 269 -9 -3 17 149 112 -1 -? 16 25 45

-1 -9 17 101 139 -8 -3 17 89 42 0 -? 15 20 ?

0 -9 17 26 0 -? -3 17 3?5 315 -8 -6 18 21 26

i -9 17 ? 4 -6 -3 17 142 113 -? -6 18 139 157

2 -9 17 6 3 -S -3 17 360 362 -6 -6 18 41 14

1-9 -8 17 19 -4 -5 17 1 3 -5 -6 18 39 12

-8 -8 17 79 64 -3 -3 17 65 120 -4 -8 18 169 133

-? -8 17 0 5 -2 -3 17 14 20 -3 -8 18 6 11

-6 -5 1? 4 1 -1 -3 1? 2 1 -2 -6 15 81 68
-5 -8 17 157 191 0 -3 17 2 33 -1 -8 18 5 1

• --4 -8 17 2 ? 1 -3 17 6 2 0 -$ 18 186 19 5
-3 -9 1? 25 22 -9 -2 17 323 2?7 -8 -5 18 75 61

-2 -8 17 0 18 -8 -2 17 51 35 -7 -5 10 88 94

-1 -8 17 53 28 -? -2 17 151 144 -6 -5 15 ? 76

o -8 I? 94 99 -8 -2 17 6 8 -5 -5 18 43 1o
1 -5 17 49 50 -5 -2 17 51 55 -4 -5 15 129 149

2 -8 17 59 80 -4 -2 17 45 48 -3 -5 18 11 15

-9 -7 17 4 9 -3 -2 17 45 44 -2 -5 18 144 192

-8 -7 17 22 29 -2 -2 17 82 94 -1 -5 18 13 3
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Table C.3, continued

H E L _ r..al¢ H g L _ Cekc H K h

-6 -7 17 -6 10 -_ -1 17 S1 77 -7 -4 2|

-S -7 17 19 2 -I -1 17 -3 2 -6 -4 11
-4 -7 17 2S Z2 -7 -1 17 lZ3 9e -5 -4 1|

-3 -7 17 7g 33 -g -1 17 49 20 -4 -4 10
-2 -7 17 |1 S4 -$ -1 17 213 262 -3 -4 18

-1 -? 17 11| 13S -4 -1 1_ 4 0 -2 -4 18

0 -7 17 14 12 -3 -1 17 4_ S0 -1 -4 15
1 -? 1? 43 S9 -2 -1 17 113 105 -| -$ 18

2 -7 17 74 91 -1 -1 17 13 S -7 -3 1|
-9 -6 17 -2 4 -$ O 17 lS 7 -S -3 11
-I -i 17 207 IS5 -? 0 1? _2 4g -_ -3 II

-7 -E 17 10 1 -g O 17 -1 0 -4 -3 11
-g -E 17 171 221 -S 0 17 gl 7S -3 -3 11

-S -6 1_ 110 1_1 -4 0 17 69 t9 -2 -3 11
-4 -6 17 IO 75 -3 O 17 6 24 -7 -I ll
-3 -_ 17 0 S -i I 17 33 32 -4 -2 11

-2 -S 17 lg 30 -$ I 17 3 1 -S -2 11

-1 -g 17 24 11 -3-11 1| 33 2i -4 -2 11
0 -& 17 1 0 -2-11 11 -$ 2 -3 -2 11

1 -i 17 $ 0 -S-10 10 1 1
2 -g 17 34 S3 -4-10 11 27 ?

-10 -S 17 61 $2 -3-10 11 66 S7

1
lg3

1
SO

2O
26

0

-9 -S 17 2;2 177 -2-10 11 10S t0

• ILeflectlo_B flal;p;ted vltb _ls lltltllk veFe col_lLdorlKI ul_ll_e_ed.

Obe C61¢

35 _3

2SI 270

Z| 112

i| ll
4 6

109 112
• 0

14 9S
22 20

70 SS
12 S

172 1S3
1

131

0
|S
1S

26
0

H X L Otm C_2c H g L Obe r..al¢
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Table C.4.

Name

Cu

F(333)

F(353)

F(433)

F(453)

F(533)

F(553)

F{633)

F(653)

N(II2)

C(13

C(16

C(19

C(24

C(27

C(31

C(34

C(41

C(44

C(51

C(54

C(61)

C{64)

C(II0)

C(I14)

C(I17)

C(120)

C(213)

C(216)

C(219)

C(351)

C(531)

C(651)

H(14)

H(19)

H(26)

H(32)

H(42)

H(52)

H(62)

H(II0)

H(IIA)

H(IID)

H(IIG)

H(12A)

H(210)

H(21A]

H(21D)

H(21G)

H (22A)

Atomic multiplicities for [Cu(dipp)z]TFPB.

Multiplicity

1.000

i. 000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1. 000

1. 000

1.000

1.000

1.000

1.000

1.000

1. 000

1.000

1. 000

1. 000

1.000

1.000

1.000

I 000

1 000

1 000

1 000

1 000

1 000

1.000

1.000

1. 000

1. 000

1.000

1. 000

1.000

1.000

1.000

1. 000

1. 000

1. 000

i. 000

• i. 000

1.000

1.000

1.000

1. 000

1. 000

1. 000

1. 000

Name

F(331)
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